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“The greatest joy of those who are steeped in work and who 
have succeeded in finding new truths and in understanding the 
relations of things to each other, lies in work itself.” 

Carl von Voit. 
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PREFACE TO THE THIRD EDITION 


In the preparation of the first edition of this book a decade 
ago the endeavor was made to admit to the introductory 
chapter only such material as appeared to be susceptible of 
scientific proof and to make it the key to the rest of the book. 
In this, the third edition, that chapter remains virtually un- 
changed. The rest of the book shows many important addi- 
tions to the facts of metabolism and revisions of its theories. 

The aim of the book remains the same, to review the 
scientific substratum upon which rests present-day knowledge 
of nutrition both in health and in disease. Throughout, no 
statement has been made without endeavoring to examine 
the evidence on which it is based. 

Laboratory methods to explain the inner processes in dis- 
ease have been applied to hospital patients for thirty years 
or more in Germany. In the United States great advances 
have lately been accomplished in this direction. If such in- 
vestigations are still further promoted by their discussion 
here, this writing will not have been in vain. 

The author would apologize to all whose claims of priority 
of discovery have not been duly recognized. 

He gratefully acknowledges the helpful criticism of all 
those who have been his fellow-workers in the laboratory, 
especially John R. Murlin, E. F. Du Bois, and A. I. Ringer, 
who for periods of several years have been closely associated 
with him. He would also express his appreciation of the 
generous support of the experimental work in his laboratory 
by the authorities’ of the Cornell Medical College, as well as 
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by Mrs. Russell Sage and the Trustees of the Russell Sage 
Institute of Pathology. 

It is, furthermore, a privilege to recognize the great influ- 
ence which a personal acquaintance with such men as F. G. 
Benedict and S. R. Benedict, Cathcart, Chittenden, Cremer, 
Dakin, Folin, Halliburton, Hopkins, Kossel, Levene, Magnus- 
Levy, Lafayette Mendel, Friedrich von Miiller, von Noorden, 
Rubner, E. Voit, and Zuntz has had upon the conceptions of 
the subject of nutrition as set down in this book. 

He wishes to express his great obligation to a former pupil, 
Dr. Margaret B. Wilson, who has painstakingly corrected and 
improved the manuscript and proof. 

He is indebted to Dr. F. C. Gephart for the preparation 
of the index. 

Finally, the writer desires to state that he has no inten- 
tion of again revising this book. In another decade the de- 
velopment of scientific knowledge will probably permit the 
formulation of the subject from the standpoint of physical 
chemistry. It cannot now be so treated. The field is open. 
That the joy of the labor may be as great to him who next 
reviews the subject as it has been to the writer, is the earnest 
wish of 

GRAHAM LUSK. 
PHYSIOLOGICAL LABORATORY, 
CORNELL UNIVERSITY MEDICAL COLLEGE, 


New York City. 
June, 1917. 
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CHAPTER I 


INTRODUCTORY 


THE earliest scientific observations concerning nutrition 
were founded upon the commonly noted fact that in spite of 
the ingestion of large quantities of food, a normal man did not 
vary greatly in size from year to year. It was understood 
early in the history of physiology that the weight added by 
the ingestion of food and drink was lost in the urine, the feces, 
and the “‘insensible perspiration.” The “insensible perspira- 
tion” was partly in evidence when moisture of the warm 
breath condensed upon a cold plate. By it were meant the 
usually invisible exhalations from the body, which are now 
known to be carbon dioxid and water. 

Sanctorius! made many experiments upon himself and 
others to determine the amount of insensible perspiration. 
An old cut shows him sitting in a chair suspended from a large 
steelyard. As a matter of routine he determined his own 
weight previous to each meal and then weighted the steelyard 
so as to counterbalance the additional food he proposed to eat. 
During the meal when the chair dipped he ended his repast. 

In Section I, Aphorism II, Sanctorius gives the following — 
curious advice: ‘If a physician who has the care of another’s 
health is acquainted only with the sensible supplies and evac- 
uations, and knows nothing of the waste that is daily made by 

1Sanctorius: “De medicina statica aphorismi,’”’ Venice, 1614. Trans- 


lation by John Quincy, M.D., London, 1737. 
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the insensible perspiration, he will only deceive his patient 
and never cure him.” Aphorism III reads: ‘He only who 
knows how much and when the body does more or less in- 
sensibly perspire will be able to discern when or what is to be 
added or taken away either for the recovery or preservation of 
health.” 

In 1668 John Mayow, writing in London, stated that the 
atmosphere contained a constituent which supported combus- 
tion as well as animal life. 

The modern era of the science of nutrition was opened by 
Lavoisier in 1780. He was the first to apply the balance and 
the thermometer to the investigation of the phenomena of 
life, and he declared ‘‘La vie est une fonction chimique.” 
The work of today is but the continuation of that done a 
century and more ago. Lavoisier and Laplace made experi- 
ments on animal heat and respiration. The great German 
chemist Liebig received his early training in Paris, residing 
there in 1822. Liebig’s conception of the processes of nutrition 
fired the genius of Voit to the painstaking researches which 
laid the foundation of his Munich school. These have been 
repeated and extended by his pupils, of whom Rubner is 
chief, and by others the world over. Thus the knowledge 
often transmitted personally from the master to the pupil, to 
be in turn elaborated, had its seed in the intellect of Lavoisier. 
It was he who first discovered the true importance of oxygen 
gas, to which he gave its present name. He declared that 
life processes were those of oxidation, with the resulting 
elimination of heat. He believed that oxygen was the cause 
of the decomposition of a fluid brought to the lungs, and that 
hydrogen and carbon were produced in this fluid and then 
united with oxygen to form water and carbon dioxid. He 
said that perspiration regulated the quantity of heat lost from 
the body and that digestion replenished the blood with the 
materials eliminated through respiration and perspiration. 
It was he who first made respiration experiments on man, the 
results of which are briefly described in a letter to Monsieur 


6773, 
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Terray,! written in Paris and dated November 19, 1790. 
There is no existing record of the apparatus with which 
Lavoisier worked and early obtained the following results. 
The more important conclusions Lavoisier sums up as follows: 
1. The quantity of oxygen absorbed by a resting man at a 
temperature of 26° C. is 1200 pouces de France® 
hourly. 

2. The quantity of oxygen required at a temperature of 

12° C. rises to 1400 pouces. 

3. During the digestion of food the quantity of oxygen 

amounts to from 1800 to 1900 pouces. 

4. During exercise 4000 pouces and over may be the 

quantity of oxygen absorbed. 

These remarkable results are in strict accord with the 
knowledge of our own day. We know more details, but the 
fundamental fact that the quantity of oxygen absorbed and 
of carbon dioxid excreted depends primarily on (1) food, (2) 
work, and (3) temperature was established by Lavoisier with- 
in a few years after his discovery that oxygen supported 
combustion. Writing in 1849 Regnault and Reiset say, 
“Les recherches modernes ont confirmé ces vues profondes 
de Villustre savant.” 

It was, however, quickly noted that if carbon and hydrogen 
burned in the lungs, the greatest heat would be developed 
there, a result not in accordance with observation. It was 
then suggested that the blood dissolved oxygen, and that the 
production of carbon dioxid and water took place through 
oxidation within the blood. In 1837 Magnus discovered that 
the blood did hold large quantities of oxygen and carbon 
dioxid, which gave apparent support to this theory. Ludwig 
in his later years believed that the oxidation took place in the 
blood. Through the critical studies of Liebig, which were - 
published in 1842, it was seen that it was not carbon and 

1 Report of the British Association for the Advancement of Science, Edin- 
burgh, 1871, p. 189. 


21 cubic pouce = 0.0108 liter. 
3 Oral statement to the writer. 
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hydrogen which burned in the body, but protein, carbohy- 
drates, and fat. Liebig’s original theory was that while 
oxygen caused the combustion of fat and carbohydrates, the 
breaking down of protein was caused by muscle work. It 
will be shown later that oxygen is not the cause of the de- 
composition of materials in the body, but that this decomposi- 
tion proceeds from unknown causes, and the products involved 
unite with oxygen. The sum of these chemical changes of 
materials under the influence of living cells is known as 
metabolism. ‘This process may involve two factors, catabolism, 
or the reduction of higher chemical compounds into lower, 
and anabolism, or the construction of higher substances from 
lower ones. 

Liebig was also the father of the modern methods of organic 
analysis, and with him began the great accumulation of knowl- 
edge concerning the chemistry of the carbon compounds, 
including many products of the animal economy. ‘These 
discoveries gave the world a knowledge of the constitution 
of foods, of urine, of feces, and of tissues, which was not 
possessed by Lavoisier. 

Liebig applied to the problems of olowg the mental 
wealth of the newer chemistry which he himself was creating. 
He knew that protein contained nitrogen, and in 1842 he sug- 
gested that the nitrogen in the urine might be made a measure 
of the protein destruction in the body.!' Bidder and Schmidt? 
were the first to make systematic experiments upon this 
subject. They gave meat to dogs and cats and found that 
almost all the nitrogen contained in the meat was eliminated 
in the urine and in the feces. They* make the following 
striking statement, which rings quite true to modern thought 
concerning protein metabolism: “Almost all the nitrogen of 
protein and collagen is split from its combination and carries 

1 Liebig: “Die organische Chemie in ihrer Anwerdane auf Physiologie 
und Pathologie,’ 1842. 


2 Bidder ven Schmidt: “Die Verdauungssifte und der Stoffwechsel,”’ 


1852, PP. 333; 
3 Bidder ry Sehianate Ibid., p. 387. 
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with it enough carbon, hydrogen, and oxygen to form urea; 
the remaining part, containing five-sixths of the total heat 
value of the protein, undergoes oxidation to carbon dioxid 
and water which are eliminated in the respiration, the calori- 
facient function having been fulfilled.” The results obtained 
by Bidder and Schmidt were attacked and were not finally 
established until proof was afforded by Carl v. Voit,! who 
established the fact that an animal could be brought into 
what he called nitrogenous equilibrium. In this condition 
the nitrogen of the protein eaten was equal to the nitrogen 
eliminated from the body in the urine and feces. Thus 
Voit? fed a dog for fifty-eight days with 29 kilograms of meat 
containing 986 grams of nitrogen, and found 982.8 grams of 
nitrogen in the excreta of the period. The amount of N in 
the urine was 943.7 grams, and in the feces 39.1 grams. The 
difference between the amount of nitrogen ingested and that 
recovered in the excreta was only ;% of 1 per cent. It 
therefore seemed extremely probable that the excretory out- 
let for protein nitrogen was in the urine and in the feces 
and that other sources of its loss were normally negligible. 
But in order to establish the fact it was necessary to consider 
the following questions: 

Is the nitrogen of the air built up into organic compounds 
within the body? Is any protein nitrogen given off as nitrogen 
gas? As ammonia gas? In the sweat? How much is lost 
through the growth of the hair, nails, and epidermis? 

Lavoisier had said that nitrogen gas had nothing to do 
with respiration. Regnault and Reiset? sometimes found 
that animals under a bell-jar absorbed nitrogen gas and at 
other times gave it off. The quantity in both cases was 
extremely small and can be explained by slight errors in gas 
analysis due to inexact temperature records. Regnault and 
Reiset found no measurable quantities of ammonia or of 

1Voit: “Physiol. Chem. Untersuchungen,” 1857. 

2Voit: “Zeitschrift fur Biologie,” 1866, ii, 35. 


3 Regnault and Reiset: ‘An. de chimie et phys.,” Paris, 1849, Sec. 3, Tome 
XXvi. 
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sulphur-containing gases in the expired air, and they dis- 
covered that hydrogen might replace nitrogen in the atmos- 
phere without affecting the course of metabolism. 

The experiments of Bachl! showed that a rabbit with a 
tracheal cannula could be made to expire for six hours through 
Nessler’s reagent without the indication of a trace of ammonia 
in the breath. ‘This has also been shown after making an 
Eck fistula in a dog,? where there is an increase in the amount 
of ammonia in the blood and in the urine. The lungs are not 
permeable to ammonia.*? The ordinary insensible perspiration 
is not accompanied by any appreciable loss of nitrogenous 
excreta, although profuse sweating certainly brings out some 
urea, uric acid, and other nitrogen extractives normally 
excreted in the urine. The experiments of Benedict? show 
that the cutaneous excretions of a resting man may amount 
to 0.071 gram nitrogen per day; of a man at moderate work 
to 0.13 gram per hour, and at hard work for four hours to 
0.22 gram per hour. 

Voit® collected the hair and epidermis from a dog for 565 
days and found an average daily output of 1.2 grams with 
0.18 gram of nitrogen. Moleschott® cut the hair and nails 
of several men once a month. The daily outgrowth of hair 
was 0.20 gram with 0.029 gram of nitrogen, and of nail sub- 
stance 0.005 gram with 0.0007 gram of nitrogen. The waste 
through the human epidermis has not been measured, but it 
must be very slight. The above sources of error were thus 
shown to be negligible. 

The view that the nitrogen of the urine and feces could 
be made a measure for the determination of protein metabolism 
was thus securely established. Urea, the principal nitrog- 
enous end-product derived from protein, was therefore shown 
to be not an adventitious product, but one normally pro- 


1Bachl: ‘Zeitschrift fiir Biologie,” 1860, v, 61. 

2Salaskin: ‘Zeitschrift fiir physiologische Chemie,” 1898, xxv, 463. 

3 Magnus: ‘Archiv fiir ex. Pathologie und Pharmakologie,” 1902, xlviii, 100. 
4Benedict: “Journal of Biological Chemistry,” 1906, i, 263. 

5 Voit: ‘Zeitschrift fiir Biologie,” 1866, ii, 207. 

6 Moleschott: ‘‘Untersuchungen zur Naturlehre,” xii, 187. 


INTRODUCTORY 23 


portional to the protein destruction. It was known that 
meat protein in general contained about 16 per cent. of 
nitrogen, or 1 gram of nitrogen in 6.25 grams of protein. 
Therefore for every gram of nitrogen found in the excreta, 
6.25 grams of protein have been destroyed in the body. It 
is evident that if protein nitrogen be retained in the body a 
new construction of body tissue is indicated, whereas if more 
nitrogen is eliminated than is ingested with the food, a waste 
of body tissue must take place. The discovery of the method 
of calculating the protein metabolism led Voit to suggest to 
Pettenkofer that he construct an apparatus with which the 
total carbon excretion might be measured, including that of 
the respiration as well as that of the urine and the feces. 
Voit saw that with these data it would be possible to deter- 
mine just how much of each food-stuff was actually burned 
in the human body. He has described the delight which he 
and Pettenkofer experienced when their wonderful machine 
began to tell its tale of the life processes. The cost of the 
apparatus, which was considerable, was defrayed by King 
Maximilian II of Bavaria. 

It has been stated that the form of Lavoisier’s respiration 
apparatus is unknown. In 1850 Regnault and Reiset! pub- 
lished an account of respiration experiments in which small 
animals were placed under a bell-jar containing a known 
quantity of oxygen. The air was kept free from carbon 
dioxid by pumping it through potassium hydrate, and oxygen 
was added from time to time., The gaseous exchange between 
the animal and its environment could be readily ascertained 
by determining the amount of carbon dioxid given off and the 
amount of oxygen absorbed. No attempt was made to de- 
termine from what materials the carbonic acid arose. The 
method of Regnault and Reiset placed the animals in a con- 
fined space where poisonous exhalations other than carbon 
dioxid could collect, and where the atmosphere became satu- 
rated with water. However, these factors were without 


1 Regnault and Reiset: “An. d. Chem. und Pharm.,” 1850, lxxili, 92, 129, 257. 
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influence on the health of their animals. They planned to 
work in one of the large hospitals in Paris, but, unfortunately, 
the project proved too costly and had to be renounced. They 
write, “L’étude de la respiration de homme dans ses divers 
états pathologiques nous parait un des sujets les plus dignes 
d’occuper les hommes qui se vouent 4 l’art de guérir: elle 
peut donner un diagnostic précieux pour un grand nombre de 
maladies et rendre plus évidentes les revolutions qui survien- 
nent dans l’économie.” Although Regnault and Reiset had 
no definite idea of the materials which were oxidized in the 
animals with which they were experimenting, we find that 
Bischoff and Voit! tried to read such interpretations into the 
work of Regnault and Reiset. Thus Bischoff and Voit de- 
termined the quantity of nitrogen in the urine of a starving 
dog, which indicated that he had burned in twenty-four hours 
218 grams of his own “flesh.” The flesh was calculated from 
the nitrogen elimination on the basis of the knowledge that 
fresh meat contains 3.4 per cent. of nitrogen. Many of the 
older experiments were computed on this basis. It was shown 
that the 218 grams of “flesh” contained 40 grams of carbon. 
Bischoff and Voit estimate from the experiments of Regnault 
and Reiset that a meat-fed dog of a weight similar to the 
above would give off 250 grams of carbon and absorb goo 
grams of oxygen in the respiration of twenty-four hours. 
These figures indicated to Bischoff and Voit that the extra 
carbon elimination was due to the combustion of fat, and they 
reached the conclusion that the waste of the body in starvation 
is dependent on the metabolism of protein and fat. Correct 
results, however, were attainable only by combining the two 
methods, so that both the quantity of the nitrogen and carbon 
of the urine and feces and the amount of carbon dioxid of 
the respiration during the same period of time could be as- 
certained. This was accomplished by the respiration ap- 
paratus of Pettenkofer. 


1 Bischoff and Voit: “Die Gesetze der Ernahrung des Fleischfressers,” 
1860, p. 43. 
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The problem to be solved by Pettenkofer included the 
maintenance of a man in normal surroundings. A small room 
was therefore constructed which was well ventilated by a 
current of air. This air entered the chamber freely through 
an opening in connection with a large room outside and was 
aspirated from a second opening in the chamber, through a 
large gas-meter, where its volume was measured (500,000 
liters per day). It was evidently impracticable to determine 
all the carbon dioxid in this large volume of air, but its amount 
was calculated from the analysis of duplicate samples con- 
tinually withdrawn from the air leaving the chamber during 
the time of the experiment. Each sample, as it was pumped 
out, was made to pass over calcined pumice stone soaked in 
sulphuric acid, to remove the water. Next it bubbled through 
baryta water to remove the carbon dioxid, and then passed 
through a small gas-meter, where the volume of the sample 
was measured. After this fashion the amount of carbon 
dioxid and water coming from the air of the chamber was 
determined in duplicate. Other duplicate analyses of the air 
taken outside the ventilator just before it entered the chamber 
were simultaneously made in the same manner as were the 
analyses of the chamber air itself. Knowing the quantity 
of carbon dioxid and water entering and leaving the room, 
it was easy to calculate how much was derived from the man 
living in it during the period of experimentation. The 
experimenters failed to find any other gaseous exhalation 
from a man, such as ammonia, hydrogen, or methane, which 
could vitiate their results. Control experiments were made 
by burning a candle or evaporating a known weight of water 
within the room. Analysis showed that the carbon dioxid 
and water so produced were measurable within 1 per cent. 
of error. 

As an illustration of the practical working of the respira- 
tion apparatus the first experiment of Pettenkofer and Voit,! 
which gives the metabolism in a starving man, will be described. 


1 Pettenkofer and Voit: “Zeitschrift fiir Biologie,” 1866, ii, 478. 
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The man was allowed a small quantity of Liebig’s extract 
of beef, as the experimenters did not at that time realize 
the very slight discomfort usually entailed by total ab- 
stinence from food. As Liebig’s extract has no nutritive 
value, its effect has been counted out in the following 
description. 

The subject, on entering the living-room of the apparatus, 
weighed 71.090 kilograms, and he drank during the day 1.0548 
liters of water, making a total body weight of 72.1448 kilo- 
grams. Twenty-four hours later he weighed 70.160 kilo- 
grams and his excreta had amounted to 0.7383 kilogram 
carbon dioxid, 0.8289 kilogram water from lungs and skin, and 
1.1975 kilograms of urine. The final body weight plus all 
the excreta amounted to 72.9247 kilograms. A total body 
weight of 72.1448 kilograms was converted into a body weight 
plus excreta amounting to 72.9247 kilograms. The difference 
is due to oxygen absorbed. The difference of 0.7799 kilogram 
represents the amount of oxygen needed to convert the body 
substance lost into the excretory products obtained. The 
tabular statement reads: 


MAN—STARVATION 


Kg. Kg. 
Weightiatistart serra. so: 71.090 Weightta tends acm cenret 70.160 
Wateridrunk jcc. ceri at 1.0548 Carbonidioxidi@ ee. eee 0.7383 
Water in respiration..... 0.8289 
Oxygen absorbed.......... 0.7799 UFine cee ke eae 1.1975 
72.9247 72.9247 


The analysis of the urine showed 12.51 grams of nitrogen 
and 8.25 grams of carbon. A calculation gives the amount of 
carbon in the respiration as 201.3 grams. If we neglect the 
feces as being too small in starvation to influence the results, 
we find that the total carbon elimination for twenty-four hours 
was 209.55 grams, and the total nitrogen 12.51. In the 
Liebig extract ingested there were 2.44 grams of carbon and 
1.18 grams of nitrogen, which must be deducted from the 
above in order to obtain the strict loss of carbon and nitrogen 


> 
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from the body during the period of starvation. These 
values are: 


(Caner afh CBAC OSE ee eee ea eee 207.11 grams. 
ING rats shaped o toes PARE SSE eh SRC er RRC RE sachet 


These two figures enabled Pettenkofer and Voit to cal- 
culate what substances had burned in the body. . As every 
gram of nitrogen in the excreta is approximately represented 
by the destruction of 6.25 grams of meat protein, the amount 
of such protein destroyed by the man was 70.81 grams. It 


‘has been found that for every gram of nitrogen present in 


meat protein there are 3.28 grams of carbon. It is therefore 
easy to estimate that destruction of protein represented by 
11.33 grams of nitrogen involved the elimination of 37.16 
grams of carbon. Now, the man eliminated 207.11 grams of 
total carbon, from which this protein carbon may be deducted, 
leaving as residue 169.95 grams, which must have originated 
from a source other than protein. The possible sources are 
two in number—carbohydrates and fats. In starvation no 
carbohydrates are ingested and their supply in the form of 
reserve glycogen is usually counted as being negligible in 
such experiments as these. The only other source from which 
the 169.95 grams of extra carbon could have been derived is 
fat, and as fat contains 76.52 per cent. of carbon, a destruction 
of 222.1 grams of fat may be calculated. This fasting man 
therefore destroyed: 


LBRO Sl te AS CAMERA Cor Heo TL eRe nee 70.81 grams. 
ae sheet. wil own tees os aa ete Vee 222.1 §§ 


That such metabolism actually did take place was further 
indicated by the comparison of the amount of oxygen needed 
for the destruction of the above constituents, and the amount 
of oxygen absorption as determined by the experiment. 
From the constituents of the protein and fat destroyed, 
Pettenkofer and Voit deducted the constituents of the urine, 
which contains part of the C and H belonging to protein. 
The balance of the carbon and hydrogen was fit for oxidation 
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to carbon dioxid and water. ‘Their calculation may thus be 


presented: 
WEIGHT IN GRAMS. 


, H c@) 

Composition of the protein burned................ 37-16 5.8 17.0 
Compositioniof:iat burnedts)...e aceite ae 169.95 25-7 25.5 
Totall CH. and © metabolized ee eet ane eee 207.11 20.5 42.2 
Deduct quantity inithe urinesseeese eee ee 8.2 2.0 7.6 
Balance available for respiratory CO2 and H20..... cp ° 29.5 34.6 
Oxygen'required)..:2.)..\) Oe ene eee eee eee 235.7 

Total O required for the formation of CO: et | 20 SS gcehe 766.1 

Less'O'in the protein andifatyncertiees eee eee en ere eee 34.6 

Oxyzen’ actually requiredstaassaca se aides eee ene Tans 

Oxygen absorption’as detetmined-~ soe: <seniite eeeereeiee 779-9 

Difference. : fo.¢ .<..'.sa5.054 3 «seis ee ene OR ee CRE ce eee 48.4 


We may reach the same result by using the most modern 
figures for the oxygen requirement in the metabolism of the 
food-stuffs. We now know that to burn 100 grams of meat 
protein requires 133.43 grams of oxygen, and to burn 100 grams 
of fat requires 288.5 grams, and to burn too grams of starch 
118.5 grams. ‘This being true, there are required: 


OxyYGEN. 

FOr 70:61 grams proceliene en ae ere tere 04.44 gm. 
FOr 229.3 Prams lated ee reer ee 639.55 gm. 
‘Total required... ws stastte enact ee ee 733-99 gm. 
Oxygen absorption as found!;< 2... 00.4.6 e 779-9 gm. 
Difflerence:.. bp Agen = hove artes cs ie me eore 45.91 gm. 


Had carbohydrates burned, less oxygen would have been 
needed, since carbohydrates contain a larger proportion of 
oxygen than fats. Had the extra 169.95 grams of carbon been 
due to the combustion of starch (or glycogen), 382 grams 
would have burned, requiring 452.7 grams of oxygen instead 
of 639.5 grams for fat. Pettenkofer and Voit found in the 
amount of oxygen absorption a confirmation of their belief 
that the fasting organism supports itself by the combustion 
of its own protein and fat. 

It is apparent from this discussion that the quantity of oxygen 
needed in metabolism depends upon the chemical composition of the 
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material that burns in the organism, and also that the relation 
between the amount of oxygen absorbed and carbon dioxid 
excreted depends on the same factor. Regnault and Reiset fre- 
quently observed that this latter relationship was variable. The 
ratio of the volume of carbon dioxid expired to the volume of 
oxygen inspired during the same time is called the respiratory 
quotient (see p. 57). When carbohydrates burn, the R. Q. is 
unity; that is, for every hundred volumes of carbon dioxid 
excreted a hundred volumes of oxygen are absorbed. When 


protein burns the quotient is ¥9-S? = 82 or 0.781, and when 


100 
fat burns the quotient is 0.71. Pettenkofer and Voit cal- 
culated that the respiratory quotient in their fasting man was 
0.69. This indicated a combustion of fat in the organism. 

The further researches of Pettenkofer and Voit were 
founded on the principles described in the above experiment 
on a fasting man. If meat and fat were ingested, the carbon 
and nitrogen excreta were collected, and from these data it 
was determined how much of each food-stuff was oxidized and 
whether there was a storage of either in the body or a loss of 
either from the body. If a mixed diet which included carbo- 
hydrates were given, the carbon dioxid elimination increased 
and the oxygen absorption was such as indicated the com- 
bustion of carbohydrates. It was assumed that after deduct- 
ing the protein carbon from the total carbon eliminated, the 
balance of extra carbon was derived from the destruction of 
the carbohydrates in so far as these were ingested; any carbon 
in excess of this was attributed to fat combustion. 

Voit,! in his necrology of Pettenkofer, writes: ‘Imagine our 
sensations as the picture of the remarkable processes of the 
metabolism unrolled before our eyes, and a mass of new facts 
became known to us! We found that in starvation protein 
and fat alone were burned, that during work more fat was 
burned, and that less fat was consumed during rest, especially 
during sleep; that the carnivorous dog could maintain himself 
on an exclusive protein diet, and if to such a protein diet fat 


1Voit: “Zeitschrift fiir Biologie,” 1901, xli, 1. 
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were added, the fat was almost entirely deposited in the body; 
that carbohydrates, on the contrary, were burned no matter 
how much was given, and that they, like the fat of the food, 
protected the body from fat loss, although more carbohydrates 
than fat had to be given to effect this purpose; that the metab- 
olism in the body was not proportional to the combustibility 
of the substances outside the body, but that protein, which 
burns with difficulty outside, metabolizes with the greatest 
ease, then carbohydrates, while fat, which readily burns 
outside, is the most difficultly combustible in the organism.” 

Since the days of these researches repeated experiments 
have established the verity of the conclusions drawn. It is 
interesting to note that among the earliest experiments made 
were some upon patients in pathologic conditions, one suf- 
fering from leukemia, another from diabetes. 

Besides the influence of foods upon metabolism, the changes 
brought about by exercise, temperature, and drugs were in- 
vestigated not only by the Munich school, but by many other 
workers. Similar investigations are actively progressing to- 
day. 

Among the important conclusions reached by Voit was 
that concerning the manner of the metabolism. It has been 
stated that Liebig believed that fat and carbohydrates were 
destroyed by oxygen, while protein metabolism took place on 
account of muscle work. 

Voit! showed that muscle work did not increase protein 
metabolism and that the metabolism was not proportional to the 
oxygen supply. The oxygen absorption apparently depended 
upon what metabolized in the cells. Voit believed that the 
cause of metabolism was unknown, that the process was one 
of cleavage of the food molecules: into simpler products, 
which could then unite with oxygen. Yeast cells, for example, 
convert sugar into carbonic acid and alcohol without the 
intervention of oxygen. In like manner the first products of 
the decomposition of fat, sugar, and protein are formed in 


1Voit: “Zeitschrift fiir Biologie,” 1866, ii, 535. 
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metabolism through unknown causes. Some of these pre- 
liminary decomposition substances may unite with oxygen to 
form carbon dioxid and water, others may be converted into 
urea, while others under given circumstances may be syn- 
thesized to higher compounds. In any case the absorption of 
oxygen does not cause metabolism, but rather the amount of the 
metabolism determines the amount of oxygen to be absorbed (see 
Pp. 32). 

The statement is frequently met with in the literature of 
the subject that such and such a disease is the consequence of 
deficient oxidative power in the tissues. For example, it has 
been stated that alcohol decreases the oxidative power of the 
liver for uric acid! Such apparent decrease in oxidative 
power may, however, be due to the fact that the normal 
oxidizable cleavage products are not formed and, therefore, no 
oxidation can take place. It is not due to lack of oxygen that 
sugar is not oxidized in diabetes, or cystin in cystinuria. 
There is the normal supply of oxygen present, but the cleavage 
of these substances into bodies which can unite with oxygen 
cannot be effected, and hence they cannot be metabolized. 

Voit’s pupil, Lossen,? showed that the carbon dioxid 
elimination in respiration was independent of the ventilation 
of the lungs except in so far as forced breathing increased the 
muscular work and the consequent output of carbon dioxid. 

When the depth of respiration was voluntary the results 
were as follows: 


NuMBER OF REs- 


DIRATIONS PER VoLtume or ExpirepD | VOLUME or ONE RESPI- COs IN 15 MiNuTES. 


MINUTE. AiR IN 15 MINUTES. RATION. 
Liters. GC Grams. 

5 75-1 1002 7.96 
Io 83.6 558 7.44 
tS 94-4 420 7.32 
20 ‘ 120.3 401 8.14 
3° 121.0 269 7.18 
40 138.5 231 6.76 
60 182.7 203 6.63 


1 Beebe, S. P.: “American Journal of Physiology,” 1904, xii, 36. 
2Lossen: “Zeitschrift fiir Biologie,” 1866, ii, 244; 1870, vi, 298. 
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Pfliiger,1 who through different reasoning came to the same 
conclusion as Voit, devised an experiment in which a rabbit 
breathed quietly through a cannula, and the oxygen absorption 
was compared with that of the same animal when rapid arti- 
ficial ventilation of the lungs with air took place, producing 
apnea or hyperarterialization of the blood. There was no 
difference, as is seen from the following table: 


Oxycen ApsorBED IN C.C. Durinc 15 MINUTES. 


Normal respiration. Apnea. 
Series .L. ©. Giada iq each Ore eee 201.66 203.88 
Series LI? oss: omar ckcctt ante suceebetcha tee 203.21 210.47 


From these experiments it is made sure that the respiration 
does not cause or regulate metabolism. On the contrary, the 
metabolism regulates the respiration. The metabolism of the 
tissues, through its oxygen requirement and its carbon dioxid 
production, changes the condition of the blood and thereby regu- 
lates the respiration. These distinctions are of fundamental 
importance. 

Thus far the history of the principles which underlie the 
exact measurement of the metabolism has been briefly given. 
By metabolism is meant the chemical changes of materials under 
the influence of living cells. The first cause of these chem- 
ical changes, it has been seen, is unknown, but their results 
lead to motions of the smallest component parts of protoplasm, 
motions whose totality we call life. Phenomena of life are 
phenomena of motion due to liberation of energy in the break- 
ing down of molecules. The motions are principally mani- 
fested as heat, mechanical energy, and electric currents. In 
the organism mechanical energy may be converted into heat, 
as appears when work of the heart is converted into heat 
by the friction of the blood upon the capillaries. Also the 
current of electricity developed at each systole of the heart, or 
in any other active tissue, is resolved into heat. Thus heat 

1 Pfliiger: ‘Archiv fiir die ges. Physiologie,” 1877, xiv, 1. 
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may become a measure of the total activity of the body. Itis 
derived from the total metabolism and must be dependent on 
it and be a measure of it. Hence the physical activities 
noted in life are the results of chemical decompositions. 
Metabolism vivifies the energy potential in chemical com- 
pounds. 

Lavoisier! was the first to recognize that animal heat was 
derived from the oxidation of the body’s substance and to 
compare animal heat to that produced by a candle. To 
prove this he burned a known quantity of carbon in an ice- 
chamber and noted the amount of ice melted. He then 
calculated the amount of heat produced from a unit of carbon. 
He and Laplace put a guinea-pig in an ice-chamber and noted 
the amount of ice which melted during ten hours and calculated 
the heat given off from the animal. They then determined 
how much carbon dioxid the guinea-pig gave off. The animal 
yielded 31.82 calories to the ice-chamber, while a calculation 
from the respiratory analysis showed that 25.408 calories 
could have been derived by the burning of enough carbon to 
yield the same amount of carbon dioxid as was eliminated by 
the animal. 

Lavoisier realized several of the errors in his work. For 
example, the calorimetric determination on the animal was 
_ made at a different temperature from that of the respiratory 
experiment, and Lavoisier knew that cold would raise the 
carbon dioxid output. Also cold reduced the heat in the 
animal itself, and, further, the water of respiration was added 
to that of the melting ice. But Lavoisier concluded that the 
source of the heat lay in the oxidation of the body. 

Crawford, in England in 1777, found after burning wax and 
carbon, or on leaving a live guinea-pig in his water calorimeter, 
that for every 100 ounces of oxygen used the water was raised 
the following number of degrees Fahrenheit: 


VEG 6 Soa 5 JOS GU STEELE HORI ERO aC Senate nnn 2.1 
[CHE Els Gd COINS De Ae eS Se Coe ee 1.93 
Meee RSENS ers eoete nS eES A vae'e. & n cikastags lech 6 313 ere ene acs 1.73 


1 Lavoisier and Laplace: Académie des Sciences, 1780, p. 370. 
3 
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Crawford concluded that the heat above produced was due to 
the transformation of pure air into fixed air (carbon dioxid) 
and water. — 

The methods of Crawford, though primitive, were based 
on fundamental principles, for according to the modern com- 
putation of Zuntz the values of heat production where 1 liter 
of oxygen is used to burn the different food-stuffs in the body 
are very nearly identical (see p. 62). 

In 1823 the French Academy awarded a prize for the 

best essay on the subject of animal heat. Depretz and 
Dulong competed for the prize and it was awarded to the 
former. 
Depretz! calculated the amount of heat which would have 
been liberated in burning the carbon and hydrogen of the 
metabolism to carbon dioxid and water, and compared this 
with the amount of heat given off by the animal. The heat as 
calculated was only 74 to go per cent. of what was found, a 
discrepancy due to faults in the method employed (see p. 43). 
So Depretz concluded that although the respiration was the 
principal source of animal heat, food, the motion of the blood, 
and friction yielded the remainder. Interpretation along the 
lines of the law of the conservation of energy was obviously 
beyond the ideas of the time. 

Dulong’s? experiments also led to the same conclusion, 
that oxidation was insufficient to explain the cause of animal 
heat, and that there must be other sources of it. 

Regnault and Reiset, writing in 1849 regarding the com- 
putation of heat production from the oxygen absorbed by an 
animal, remark, ‘“The phenomena are evidently so complex 
that it is scarcely probable that one will ever be able to 
submit them to calculation.” 

About 1842 James P. Joule supplied the chief experimental 
data which established the mechanical equivalent of heat. 
In 1845 J. R. Mayer laid down the law of the conservation 


1 Depretz: “Journal de Physiologie,” 1824, iv, 143. 
2Dulong: Ibid., 1823, iii, 45. 
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of energy, and in 1847 Helmholtz independently made the 
same discovery. Both contributions were rejected by the 
leading German scientific journal of the day.1. This should 
encourage all workers to rest assured of the ultimate recogni- 
tion of work that is worth while. 

Energy cannot arise from nothing, nor can energy disappear 
into nothing. Where energy is active it must have been 
elsewhere potential. The sum total of energy remains con- 
stant in the universe, but energy may vary in kind. The 
kinds include mechanical energy, heat, electricity, magnetism, 
and potential energy. The source of energy on the earth is 
the sun, excepting the energy of the tides, which is due princi- 
pally tothe moon. Thesun unevenly warms the atmosphere, 
producing winds which drive ships and windmills. The sun’s 
heat lifts the vapor of water into the atmosphere, producing 
rain, in consequence of which rivers are made to turn machin- 
ery. The sunlight acts upon a mixture of hydrogen and 
chlorin gas, causing them to unite with a loud explosion, and 
the sun acts upon the green leaf of the plant, causing it to 
unite carbon dioxid and water, with the production of formic 
aldehyd, which is built up into sugar, oxygen being given off 
in the process. The sun’s energy required to build up the com- 
pound becomes latent or potential in it. Whenever and 
wherever this sugar is again converted into carbon dioxid and 
water by oxidation, exactly the same quantity of energy 
taken from the sun and made potential in the sugar is set free. 
This sugar in the plant may be further converted into starch, 
cellulose, fat, and possibly into protein. Plants furnish wood 
and coal as fuel for the steam-engine. They also furnish the 
basis of animal food, yielding substances which can build 
up animal tissues, and which can furnish the energy neces- 
sary to maintain those motions in the cells whose aggregate 
is called life. These motions appear in the body as heat, 
mechanical work, and electric currents, all of which may be 
measured as heat. Is this energy completely derived from 


1 “Wiener klin. Wochenschr.,” S. Exner, 1914, xxvii, 1529. 
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the metabolism? ‘This question is but the continuation of the 
old one of Lavoisier in the light of newer science. 

Bischoff and Voit! in 1860 still calculated the heat value of 
the metabolism from the heat developed in burning the carbon 
and hydrogen elements of the metabolism. They recognized, 
as had Bidder and Schmidt? before them, that this was a 
false method, and stated that they should employ the calorific 
value of fat, starch, and protein, less the urea, since they 
recognized that urea was capable of undergoing combustion 
with liberation of heat. 

In 1860 Voit? took a Thomson calorimeter with him from 
London to Munich. After Frankland’s determination of the 
heat value of the various food-stuffs and urea Voit‘ prepared a 
table in 1866 for use in his lectures showing that the metab- 
olism of the fasting man experimented on by Pettenkofer and 
Voit indicated the production of 2.25 million small calories, 
while the metabolism on a medium diet was 2.40 million 
calories. 

In 1873 Pettenkofer and Voit® calculated that 100 grams 
of fat were the physiologic equivalent of 175 grams of 
starch. Liebig at that time had suggested that the amount of 
these substances which could be burned by a man was pro- 
portional to the oxygen supply. 

Voit, not content with his results, suggested to Schiirmann 
in 1878-79 that he carry on experiments to see in what way 
carbohydrates and fat were interchangeable in nutrition. 
Schiirmann died before the work was completed and the 
investigation was continued by Rubner. The isodynamic 
law, which showed that the food-stuffs may under given conditions 
replace each other in accordance with their heat-producing value, 
was the result. 


1 Bischoff and Voit: ‘Die Gesetze der Erniihrung des Fleischfressers,” 
1860, p. 43. 

2 Bidder and Schmidt: ‘‘Verdauungssafte und Stoffwechsel,” 1852, p. 353. 

8 Voit: ‘“Miinchener medizinische Wochenschrift,”’ 1902, xlix, 233. 

#Voit: Ibid. 

5 Pettenkofer and Voit: ‘Zeitschrift fiir Biologie,” 1873, ix, 534. 
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Rubner gives the following as the quantities of the differ- 
ent food-stuffs which are isodynamic: 
100 gm. fat. 
232 gm. starch. 
234 gm. cane-sugar. 
243 gm. dried meat. 

After Stohmann! published his research on the calorific 
value of foods, urea, etc., Voit commenced the construction of 
a calorimeter for the measurement of the heat eliminated 
from the body of a man whose metabolism was simultaneously 
determined. The results obtained by the use of this machine 
were never published. 

Rubner? in Voit’s laboratory during this same period was 
making a series of valuable calorimetric determinations. The 
heat value to the body of burning starch and fat were obviously 
the same as that determined in the calorimeter, since in both 
cases the same end-products, carbon dioxid and water, resulted. 
The heat value of protein in the calorimeter was different from 
its fuel value to the body, since the end-products were different 
in the two cases. When protein is oxidized in the body the 
products of its metabolism are lost in three different ways— 
through the respiration, urine, and feces. The two last contain 
latent heat lost to the body, which must be deducted from the 
heat value of protein determined calorimetrically. 

The custom of Stohmann and previous authorities had 
been to deduct the heat value of urea from the heat value of 
protein in order to obtain thé actual physiologic or fuel 
value of protein for the organism. But in the earliest ex- 
periments of Pettenkofer and Voit? it was recognized that in 
starvation and after the ingestion of meat there was a much 
larger output of carbon in the urine than corresponded to the 
quantity of urea present. The ratio of nitrogen to carbon 
was nearly constant in the urine when the conditions of feeding 

1Stohmann: “Journal fiir praktische Chemie,” 1885, xxxi, 273, and earlier 
papers. 


2Rubner: “Zeitschrift fiir Biologie,” 1885, xxi, 250, 337. 
8 Pettenkofer and Voit: Jbid., 1866, 1, 471. 


38 SCIENCE OF NUTRITION 


were similar. If urea alone were present, Rubner estimated 
there would be 0.429 gram of Cto1 of N oranN:C = 1:0.429. 
In starvation the urine contains extractive nitrogen (creatinin, 
uric acid, etc., having relatively more carbon than urea) which 
has been derived from the breaking down of tissue protein, 
and the ratio is N : C = 1:0.728. When meat was ingested 
the fact that the food contained these extractives made the 
C:Nratioo.610. And even after six days’ ingestion of meat 
washed free from extractives the urine of the seventh and 
eighth days still showed an elimination of carbon other than 
that due to urea, as was indicated by the ratio 0.532. There- 
fore, from the metabolism following the ingestion of the 
proteins of washed meat small amounts of carbon compounds 
other than urea are eliminated in the urine. 

Rubner saw that it was the heat value of the urinary 
constituents themselves which had to be subtracted from the 
heat value of protein if the fuel value of protein to the body 
was to be determined. 

The following table shows Rubner’s results after burning 
the dry urine: 


CALORIFIC VALUE OF URINE 


© HIN. CALORIES CaLortiric VALUE 
MATERIAL BURNED. FROM 1 GRAM. oF r Gram N. 
AU TOa fe Sectapcec ts aie ey Fontes eee 0.429 2528 5-41 
Urine after feeding protein. .... 0.532 2.706 5.69 
Urine after feeding meat....... 0.610 2.954 - 7.46 
Urine in starvation............ 0.728 LOLs 8.49 


Benedict and Milner! report that the average C : N ratio 
in man when he partakes of a mixed diet is 0.75-and the. 
calorific value of a gram of urinary nitrogen is 8.09. When 
a diet which is high in carbohydrate is ingested the value of a 
gram of urinary nitrogen may be from 11 to 13 calories,?- 

1 Benedict and Milner: United States Dept. of Agriculture, Office of Experi- 


ment Stations, 1907, Bulletin 175, p. 144. 
*Tangl. “Archiv fiir Physiologie,” 1899, Supplement Bd., p. 251. 
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an increase which is due to the appearance of products of the 
intermediary metabolism of glucose (see p. 208), although 
no glucose itself is present.! 

It was not alone necessary to know the heat value of the 
urine excreted, but also that of the feces. Rubner found that 
after giving 100 parts of dry muscle containing 5.5 grams of 
ash there was an elimination of 38.2 grams of the organic 
part in the urine and 2.7 grams in the feces. The following 
table represents this division of material in the excreta: 


Cc. H. N. Oz. 
Composition of 100 parts dry muscle....... 50.5 7.6 15.4 20.97 
Wrime Contains). 3872 parts..2 090 065 ee 9-63 2.52 15.16 10.9 
IReECesCONtAIN: Ze 71 DATtSc8 oc cc fiers fs esse 1.67 0.25 0.24 0.54 
Excreted in urine and feces.......:..%.... II.30 2.77 15.40 II.44 
Balance tOr FespITAblODicjathvose at sc oo os 39.2 4.8 9-53 


Rubner determined the amount of heat produced from 1 
gram of ash-free feces after meat ingestion and found it to be 
6.127 calories, while 1 gram of ash-free feces after protein 
(washed meat) ingestion yielded 6.852 calories. The total 
calorific value of 1 gram of beef muscle when Rubner burned 
it in the calorimeter was 5.345 calories. He had now the 
principal data required to determine its heat value in the body. 
If from 100 grams of meat 2.7 grams appear as feces having a 
calorific value of 6.127 calories per gram, then there is here a 
loss of 6.127 X 2.7 = 16.83 calories. If from every 100 grams 
of meat containing 15.4 grams of nitrogen 15.16 grams of the 
latter appear in the urine and such urine produced by ingesting 
meat has a calorific value of 7.46 calories for every gram of 
nitrogen present, then the energy loss in the urine would be 
7.46 X 15.16 = 112.94 calories. For dry muscle substance 
we find therefore: 


CALORIES. 
ERIPOEATESERILUSCLE Merci i ier. Chars icv) oe 410 face ahe oleia avaiateceises 534-5 
USN T OR et cape Bere 112.04 
Waste { HeCeSm tears Vea 16.83 \ Total Tae aT 
Fuel value of 100 grams of dry muscle............. 404.73 


1Reale: “Biochemische Zeitschrift,” 1913, lvii, 143. 
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From this value there must be a slight deduction for the heat 
present in the protein in its colloidal state but lost on drying, 
and for the heat of solution necessary to dissolve urea and 
other urinary constituents. Rubner estimates these as: 


Heat for the imbibition of protein................-. 2.688 
Heat for'solution ‘of urease se eee een ee 1.989 
4.677 


Subtracting 4.67 from 404.73 leaves 400.06 calories as the 
maximum of energy obtainable from 100 grams of the dried 
solids of meat. The calorimeter shows a heat value of 534.5 
calories for the same protein. Of this, 400.06 calories, or 
74.9 per cent., are available in the organism, while the re- 
mainder, or 25 per cent., goes to waste. 

A further calculation shows that every gram of nitrogen in 
the urine and feces represents an elimination of heat from 
protein metabolism equal to 25.98 calories. ‘The heat value 
of protein under the different physiologic conditions was 
estimated by Rubner after the above fashion, and may thus be 
tabulated: 


CALORIFIC VALUE OF PROTEIN IN’ NUTRITION 


Heat VALUE IN 
CALORIES OF PrRo- 
TEIN METABOLISM 
YIELDING 1 GM. OF 
N. IN THE Ex- 


CALORIES YIELDED 
BY METABOLISM 
OF 100 GRAMS OF 
PROTEIN IN THE 


Bopy. CRETA, 
After protein (washed meat) ingestion..... 442.4 26.66 
after. meat ingestiona) seer ee ees 400.05 25.98 
Starvation!lcaa< aa See ee eee 384.2 24.08 


If we know the amount of nitrogen in the excreta we can 
calculate from these standard figures of Rubner the heat 
value of the protein metabolism to the body. Rubner found 
that the heat value of 1 gram of pig’s fat (lard) was 9.423 
calories. Since fat contains 76.5 per cent. of carbon, it could 
be calculated that for every gram of carbon eliminated in the 
respiration, which was the result of fat metabolism, 12.3 
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calories must have been liberated in the body. These figures 
enabled Rubner to calculate the amount of heat liberated by 
the fasting man of Pettenkofer and Voit, whose metabolism 
we have already discussed. The N excreted was multiplied 
by 24.98 and the fat carbon by 12.3 which gave the total heat 
value of the period: 


Heat from protein (11.33 Gm. N X 24.08)....... 283 Cal. 
PTCA LMLONa aca LOO sell) XM bL2e3))iiiie s vel> sieves sats 2091 Cal. 


Total heat value of the metabolism as calculated. 2374 Cal. 


Rubner applied such calculations as these to the material 
at hand in the literature of the time, and discovered that the 
heat value of the metabolism of the resting individual is propor- 
tional to the area of the surface of his body. For example, a 
man in starvation, or on a medium diet, an infant at the breast, 
and a starving dog were shown to give off similar quantities 
of heat per square meter of surface. To these Rubner 
subsequently added the results of his researches upon a 
dwarf. The following tables illustrate this point: 


YIELD OF CALORIES PER Sq. M. 
SURFACE IN 24 Hours, 


Adultrman wnistaryvatomeeayae tess osc sc < a+ cies 1134 
DGS aN StATV AON esas Men ee TRIS ore Sod wpevelaness sheis aes Tii2 
Adult man on a medium mixed diet............... 1189 
reaSteled infant ah leet Seinis sivtcete a els 3 1221 
Dwarf (weight = 6.6 Kg.) medium mixed diet..... 1231 


This law, that an animal in starvation or on a medium 
diet and at an environmental temperature of 18° gives off 
the same quantity of heat per square meter of surface, can be 
extended so that it applies to all warm-blooded animals. 
Thus E. Voit! has collected data for the following table: 


CALORIES. 
Weight in Kg. Per Kilo. Per Sq. M. Surface. 
DRT. danide de Onn Gop Seat 128.0 19.1 1078 
AVictee Mtoe nara. toleeie Wok ve os 64.3 32.1 1042 
RDC ante ote scl och is cress ove 15.2 51.5 1039 
CXOOSC mateo ioe An tonocur 3.5 66.7 967 
Gr Pare createed «8s ses 2.0 71.0 047 
PSS ume hi re dae cel au avs 0.018 654.0 1188 


1. Voit: “Zeitschrift fiir Biologie,” 1901, xli, 120. 
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Recent work has confirmed the validity of this “law of 
surface area,” but has somewhat modified the idea of the 
conditions under which it finds expression (see Chapter IV). 

Rubner from his work on protein considered that the 
heat value of 1 gram in an average mixed diet might well be 
placed at 4.1 calories. Of course, such a mixed diet would 
contain casein (4.4 cal.), the organic substance of meat (4.233 
cal.), and vegetable proteins (3.96 cal.). The daily food 
allowance for animal protein was put at 60 per cent., for 
vegetable protein at 40 per cent., of the total protein in the 
mixed dietary. For the value of neutral fats Stohmann’s 
figures for olive oil, fat of animal tissue, and butter fat were 
averaged as follows: 


Olive'oil 25 suck. fee eee ee 9.384 Calories per @m. 

Animalltissue/fat. pasaeeeeaetr eer ish 9 S 

Butter fate oat eee 9.179 oe s 
AVeTage. fit.05, eee aciate See 0:31 2 geiee ~ 


For the heat value of 1 gram of fat in a mixed diet Rubner 
therefore adopted the value 9.3. 

The following heat values have been found for carbohy- 
drates: 


STOHMANN. RUBNER. 
Glucose s i4.5.:cuis.tou ea ee ee 3.692 25755 
Lactosest:: i: ce.dtcies eens a eee 3.877 
SUCrOSeS, spiok roc ans Nace aie nee ee oe 3-059 4.001 
Starch ... .sk.S ama eae the ie eee eee 4.116 


The variations in heat value are principally due to variations 
in the water content of the different molecules. Considering 
the predominating importance of starch in the average diet, 
Rubner gave the value of 4.1 to the group of carbohydrates in 
the foods. 

Rubner’s “standard values” have been widely used 
throughout the world in determining the average fuel value of 
a mixed diet. They are: 

I gram of protein, G49 nt eee on eae 4.1 Calories. 


i. gram Of fat. Siiste cine ona een Re ereat ocean nee 9.3 


I gram of carbohydrate: seeewaetns ele 450 es 
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Their accuracy has been verified by Rubner! in the most 
careful manner. 

Rubner,? still working in the Munich laboratory, showed 
that if the diet were increased from a medium to an abundant 
amount, the metabolism as indicated by the heat production 
rose. This dynamic action resulting from the excessive 
ingestion of a food-stuff was greatest with protein. 

Finally Rubner, in his own laboratory at Marburg, 
evolved an animal calorimeter which could accurately measure 
the amount of heat a dog produced in twenty-four hours. - 
The dog was placed within the chamber of the calorimeter, 
and this chamber was attached to a respiration apparatus, so 
that the metabolism could be calculated according to the 
method of Pettenkofer and Voit. From the metabolism the 
heat production could be estimated. The results were a 
triumphant demonstration of the truth of the law of the 
conservation of energy. The amount of heat calculated by 
Rubner’ as the quantity that should have been derived from 
the metabolism of the dog during the day spent in the calor- 
imeter was the amount actually given off by the dog to the 
calorimeter. The metabolism, the cause of the motions of 
life, was the source of the heat-loss of the body. The results 
_ achieved constitute a final verification of the methods of calcu- 
lating the total metabolism originated by Pettenkofer and Voit. 

An epitome of Rubner’s experiments is here presented: 


COMPARISON OF ESTIMATED HEAT FROM METABOLISM WITH 
HEAT ACTUALLY- PRODUCED 


Heat Catcvu- DIFFERENCE 
NUMBER OF Heat Directly i 
aS Dave. | gam rom |"Dereauinen. | ™ PERCENT 
. 5 1296.3 1305.2 \ iv. 
PLAMUALIONS 0.0 shud scces { ; toon 2 1056.6 1.42 
HAG elaine ait oie ssa o=s 5 1510.1 1498.3 —0.97 
8 2492.4 2488.0 
Mentand tates «abr « { 4 3085-4 39584 
6 2240. 2276.9 —0.42 
RR yee ncite cS. { : eee sohee oo 


1Rubner: “Zeitschrift fiir Biologie,” Festschrift zu Voit, 1901, xlii, 261. 
2Rubner: “Sitzungsberichte der bayer. Akademie,” 1885, p. 454. 
3Rubner: “Zeitschrift fiir Biologie,” 1894, xxx, 73. 
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Following Rubner, Atwater, at one time a pupil of Voit, 
with the aid of Rosa, the physicist, constructed a large 
calorimeter capable of measuring to a nicety the amount of 
heat given off bya man livinginit. This apparatus confirmed 
Rubner’s experiments and has shown that the energy expended 
by a man in doing any work, such as bicycle-riding, is exactly 
equal to the energy set free by metabolism in the body. 
Ex nihilo nihil fit. 

This apparatus was the product of many years of labor 
and its cost was borne by the United States Government. 
Armsby has completed a similar one for use with cattle for 
the Agricultural Station of the State of Pennsylvania. Benedict 
with great success has extended Atwater’s work in the notable 
Nutrition Laboratory of the Carnegie Institution in Boston. 
This is housed in a new building splendidly equipped with 
apparatus for the simultaneous determination of metabolism 
and heat production. The work has been still further ex- 
tended by the construction for the Physiological Laboratory 
of the Cornell University Medical College in New York City 
of a small respiration calorimeter! suitable for use with babies, 
dwarfs, and dogs, and of the Sage respiration calorimeter? 
constructed in Bellevue Hospital by the Russell Sage Insti- 
tute of Pathology for the determination of metabolism in 
diseased conditions. The two machines have been under the 
general management of the writer. These elaborate and 
costly devices prove and confirm the general laws of metab- 
olism in the body enunciated above, through a knowledge 
of which alone proper systems of nutrition for people under 
various conditions may be devised (see p. 56). The Amer- 
ican Indian when first shown a watch thought it was alive. 
We, on the other hand, have come to look upon the living 
organism as a machine. Like the moving locomotive, we 
burn more if we are to attain a faster speed, or if we are 


? Williams: “Journal of Biological Chemistry,” 1o1r2, xii, 317. 
* Riche and Soderstrom: ‘‘Archives of Internal Medicine,” 1915, xv, 805; 
Lusk, same ‘‘Archives,” p. 793. 
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to keep all parts warm in the winter’s cold. In both cases 
the motion and the heat are derived from the power in 
the fuel. The casual observer sees the moving train, but the 
expert engineer alone knows how and why the wheels go 
round. The physiologist busies himself answering the similar 
how and why regarding the mechanism of living things. 

Before taking up the details of the work we may copy the 
last general pronouncement of Voit! upon the subject of 
metabolism. It reads: 

“The unknown causes of metabolism are found in the cells 
of the organism. The mass of these cells and their power to 
decompose materials determine the metabolism. It is abso- 
lutely proved that protein fed to the cells is the easiest of all 
the food-stuffs to be destroyed, next carbohydrates, and lastly 
fat. ‘The metabolism continues in the cells until their power 
to metabolize is exhausted. All kinds of influences may act 
upon the cells to modify their ability to metabolize, some 
increasing it or others decreasing it. To the former category 
belong muscular work, cold of the environment (in warm- 
blooded animals), abundant food, and warming the cells. To 
the latter, cooling the cells, certain poisons, etc. 

“In speaking of the power of the cells to metabolize, I have 
not meant thereby, as may be seen from all my writings, that 
the cells must always use energy in order to metabolize, but 
rather I have understood thereby the sum of the unknown 
causes of the metabolic ability of the cells—as one speaks of 
the fermentative ‘power’ of yeast*cells. 

“The metabolism of the different food-stuffs varies with the 
quality and quantity of the food. Protein alone may burn, or 
little protein and much carbohydrate and fat. I have deter- 
mined the amount of the metabolism of the various food-stuffs 
under the most varied conditions. All the phases of metab- 
olism originate from processes in the cells. In a given con- 
dition of the cells available protein may be used exclusively 
if enough be furnished them. If the power of the cells to 


1 Voit: “Miinchener medizinische Wochenschrift,” 1902, xlix, 233. 
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metabolize is not exhausted by the protein furnished, then 
carbohydrates and fats are destroyed up to the limit of the — 
ability of the cells to do so. 

“From this use of materials arise physical results, such as 
work, heat, and electricity, which we can express in heat 
units. This is the power derived from metabolism. 

“Tt is possible to approach the subject in the reverse order, 
that is, to study the energy production (Kraftwechsel) and to 
draw conclusions regarding the metabolism (Stoffwechsel). It 
is perfectly possible to say that the requirement of energy in 
the body or the production of the heat necessary to cover heat 
loss, or for energy to do work, are controlling factors of the 
metabolism; since on cooling the body or on working cor- 
respondingly more matter is destroyed. But one must not 
conclude that the loss of body heat and muscular work are the 
immediate causes of this increased metabolism. The causes 
lie in the peculiar conditions of the organism, and muscle 
work and loss of heat are merely factors acting favorably upon 
those causes, raising the power of the cells to metabolize. In 
virtue of this more is destroyed, and secondarily the power to 
work and increased heat production are determined. 

“The requirement for energy cannot possibly be the cause 
of metabolism, any more than the requirement for gold will 
put it into one’s pocket. Hence the production of energy has 
a very definite upper limit, which is afforded by the ability 
of the cells to metabolize. If the cells will metabolize no more, 
then further increase of work ceases even in the presence of 
direst necessity; and this is also the case with the heat produc- 
tion, even though it were very necessary, and we were likely 
to freeze. 

“T therefore maintain my ‘older’ point of view, that of pure 
metabolism, in order to explain the phenomena of nutrition. I 
am convinced that it is the right way, and that the clearest 
and most unifying development will be possible as one inves- 
tigates what substances are destroyed under different circum- 
stances, such as the performance of work, and loss of heat, 
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and how much of the different materials must be fed to main- 
tain the body in condition.” 


ADDENDUM CONCERNING THE NATURE OF THE FECES 


In the historic introduction just given it has been shown 
that the nitrogen of the urine and feces can be made a measure 
for the. determination of protein metabolism. It is easy to 
comprehend that urinary constituents, such as urea, uric acid, 
the purin bases, creatinin, etc., are derived from the metab- 
olism of flesh in the body, whether the flesh be the body’s own 
or that of an animal fed to it. But the intestinal canal where 
the feces are formed is a long tube open at both ends, through 
which may pass the nitrogen gas of the air swallowed and 
indigestible substances such as hair, tacks, etc. In diarrhea 
the curds of milk, pieces of undigested meat or bread, and 
large quantities of fat are in evidence. These common 
observations would seem to justify the popular supposition 
that normal feces are made up of the undigested residues of 
the food-stuffs. In truth, however, this is very far from the 
fact. The feces are chiefly the unabsorbed residues of in- 
testinal excretions. 

The collection of the feces for a given period of nutrition is 
more difficult than the collection of the urine. The urine may 
be collected every two hours and may fairly represent the 
protein metabolism of the time, but the feces are normally 
passed but once a day by a man on a mixed diet, and only 
once in five days by a dog fed.with meat. Furthermore, 
particles fed to a man are not usually passed in his feces for 
two or three days. The feces formed during a certain digestive 
period might therefore leave the body two or three days after 
the urine was drawn from the bladder. To obtain clear 
results Voit fed a dog with 60 grams of bones in a preliminary 
diet eighteen hours before the regular feeding began. These 
bones yielded a whitish mark in the fecal excretion. All feces 
subsequent to the mark were attributed to the diet used in the 
experiment. At the conclusion of the experiment a second 


~~." } 
} : 
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diet containing bones was given. The whitish excrement 
formed from this indicated the end of the feces of the period. 
For the same purpose Rubner! gave milk (2 liters) to a man, 
the last portion of the milk being taken eighteen hours before 
the commencement of a period of feeding. The milk feces 
give a distinct whitish dividing line. A teaspoonful of lamp- 
black may also be readily made use of in man and in animals. 
Cremer? uses freshly precipitated silicic acid (10 to 25 grams 
mixed with 4o to 100 grams fat) instead of bones. ‘This gives 
excellent results, as it avoids the albuminoid nitrogen in the 
bones, and is of great advantage if the calcium or other ash 
constituents of the feces are to be determined. 

In the fundamental experiments Voit found that a fasting 
dog weighing 30 kilograms excreted 1.88 grams of dry fecal 
matter per day, containing 0.15 gram of nitrogen. Evidently 
these starvation feces are not derived from the food, but must 
be derived from the matter passed from the body into the 
intestinal canal. An analogous condition is found in the 
intestinal tract of the newborn infant. The meconium con- 
sists principally of the unabsorbed residues of the bile, of 
glycocholic, taurocholic, and fellic acids, of cholesterin and 
lecithin, colored by bilirubin or biliverdin. The absence both 
of putrefaction and the acid of the gastric juice prevents the 
breaking up and reabsorption of many of these substances, 
processes which occur soon after birth. The fasting dog of 30 
kilograms, mentioned above, excreted 1.88 grams of dry 
feces, but a fasting dog of 20.3 kilograms may yield 4.3 grams 
of dry bile solids in twenty-four hours. The ordinary starva- 
tion feces therefore cannot consist of the total of the excretions 
from the body into the digestive tract, but are rather their 
unabsorbed remainder. 

When meat was given, Bischoff and Voit* found that the 
production of feces was not proportional to the amount of 

1Rubner: “Zeitschrift fiir Biologie,” 1879, xv, 119. 

2Cremer: Ibid., 1897, Xxxv, 301. 


3 Voit: Ibid., 1894, xxx, 548. 
4 Bischoff and Voit: ‘‘Die Ernaihrung des Fleischfressers,”’ 1860, p. 291. 
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meat. A compilation of the data given by Friedrich Miiller! 
illustrates the average amount of dry feces produced by a 
dog weighing 35 kilograms after feeding different quantities 
of meat: 


MEAT IN GRAMs. FEcaL Soups. Fecat N. 
° 2.0 0.15 
500 Ger 0.33 
1000 9.2 0.60 
I500 10.2 0.66 
2000 II.I 0.72 
2500 15.4 1.00 


The feces had the same pitch-black color as starvation feces 
and were similar to the 2 grams of feces which would have 
been produced by the same dog had be been starving. No 
muscle-fibers and no protein could be detected. It seemed 
clear that the meat feces differed from the starvation feces 
mainly in quantity, and that this quantity was larger because 
the secretions into the intestines had been stimulated by the 
passing food. 

Fat ingested with the meat in moderate quantities had no 
influence on the feces. Nor had sugar, unless its fermentation 
produced diarrhea. Bread somewhat increased the volume 
of the feces, which contained some undigested starch. Here 
an irritation of the intestinal canal by the bread produced a 
larger excretion into the intestines. 

The source of the feces was further investigated by Her- 
mann,? whose work was later elaborated by Fritz Voit. The 
latter separated a loop of the intestine about a third of a 
meter long from the rest of the intestine of a starving dog. 
Both ends of the loop were tied and the loop remained in the 
abdomen in connection with its normal nerve and blood supply. 
The two ends of the remaining portion were reunited. After 
a few days food could be given and the normal excretion of 
feces took place. After three weeks the animal was killed. 
It was found that the isolated loop contained a thick, fecal- 


1 von Miiller: ‘‘Zeitschrift fiir Biologie,” 1884, xx, 340. 
2Hermann: “Pfliiger’s Archiv,’’ 1890, xlvi, 93. 
3F. Voit: “Zeitschrift fiir Biologie,” 1892, xxix, 325. 
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like mass. It was found that the dry solids of this mass 
contained the same percentage of nitrogen as did the feces 
passed by the dog during the three weeks of the experiment. 
It was also calculated that the amount of nitrogen excreted 
through the wall of the intestinal loop was nearly the same 
per unit of area as the amount of nitrogen in the feces when 
spread over the surface of the whole of the rest of the intes- 
tine. The following table shows this: 


PERCENTAGE OF N 
Grams N From 1 Sa. 
oe M. 1n 24 Hours, 
CONTENT CONTENT. 
FECES. oF Loop. FECES. | OF Loop. 
Dog I... ag ceeue cee ee Cees 5.62 5-32 0.28 | 0.22 
Dog Ti Acne Soe eee 5.2 6.88 0.25 . 0.32 


The loop contained fat and fatty acids in greater quantity 
than is normally found in feces, which may indicate a usual 
reabsorption of these substances. 

Fritz Voit has therefore shown that the excretion of sub- 
stances from an isolated loop of the intestine produces a mass 
of a similar constitution and of nitrogen output equal to that 
in the normal intestine of the same animal through which 
meat and fat were passing. He therefore concludes that the 
feces are derived principally from the substances excreted 
through the wall of the intestine. The nitrogen so excreted 
is as much to be considered a product of protein metabolism 
as is the nitrogen of urea. It is regretable that very little 
is known regarding the chemistry of these nitrogenous com- 
pounds excreted into the intestine. 

It has been seen that the feeding of simple food-stuffs, such 
as meat, fat, and sugar, scarcely influenced the composition of 
the feces in the dog. In herbivora we pass to another extreme. 
Here vast amounts of cellulose are eaten, a great part of which 
is never disintegrated, but even after long retention in the 


; 6974, 
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capacious intestinal tract is passed in the feces. After giving 
an ordinary feed to a cow one may find as much nitrogen 
in the feces as in the urine. Under such conditions as these 
the very voluminous feces evidently do consist largely of the 
undigested residues of the fodder. Armsby and Fries! have 
shown that only 45 per cent. of the energy contained in hay is 
of actual use in cattle feeding. The waste in the feces reaches 
41 per cent., in the urine 7.25, and in methane gas 6.75 per 
cent. of the total energy content. 

Concerning the fecal production in man, it has been found 
that Cetti? excreted 3.8 grams of dry fecal solids per day during 
a fast of ten days, Breithaupt 2 grams, and a medical student? 
2.2 grams, less in reality than would a dog of similar size. 
Benedict! states that he was unable to find any evidence of the 
formation of feces during a seven-day fast in man. 

Rieder® gave a man a diet containing starch, sugar, and 
lard from which a cake was baked. The food contained no 
nitrogen, but the fecal excretion was 0.54, 0.87, and 0.78 gram 
of nitrogen per day, contrasting with 0.316 gram from Cetti, 
0.113 from Breithaupt, and 0.13 from a medical student during 
fasting. The food, even though it contains no protein, 
stimulates the fecal production. 

Wallace and Salomon® have administered 250 grams of 
cane-sugar daily to normal persons and to patients suffering 
from intestinal diarrhea, and have determined the amount of 
fecal nitrogen during periods of two or three days. The 
sugar was given in doses of 50 grams dissolved in 300 c.c. of 
water and flavored with fruits, such as apple and lemon, or 
with wine. Their results with this diet were as follows: 


1 Armsby and Fries: Bulletin ror, 1908, Bureau of Animal Industry, U.S. 
Dept. of Agriculture. 

*Lehmann, Miiller, I. Munk, Senator, Zuntz: “Virchow’s Archiv,” 1893, 
Bd. cam, Suppl. Heft. : ‘ 

Johansson, Landergren, Sondén, Tigerstedt: “Skandin. Archiv fiir 

Physiologie,” 1897, vii, 29. 

a aera “Influence of Inanition on Metabolism,” Carnegie Institution, 
190 

BR eiste, “Zeitschrift fiir Biologie,” 1884, xx, 378. 
s Wallace and Salomon: ‘Medizinische Klinik,” 1900, V, 579. 
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N in FEcEs PER Day- 
RAMS. 


It is evident that the quantity of fecal nitrogen eliminated 
in intestinal diseases is largely increased. 

It has been stated that Voit early noticed the occurrence of 
starch particles in the feces. A large number of experiments 
have been made to test the digestibility of the various vege- 
tables and cereals. Rubner! fed an able-bodied soldier on 
3078 grams of variously cooked potatoes daily and found 
pieces of potatoes in the feces. He notes that an inhabitant 
of Ireland will eat 4500 grams of potatoes a day. Friedrich 
Miiller? writes that after the ingestion of a large quantity of 
bread the feces may have practically the same composition 
as bread. 

The better understanding of this question of the digesti- 
bility of the carbohydrates has come through the work of 
Prausnitz? and his associates, Moeller and Kermauner. 
Moeller found that no starch appeared in the feces after feed- 
ing well-cooked white, rye, and graham bread, rice or potatoes 
(even when fed in pieces), or legumes when they were prepared 
in the form of purée. Legumes not in the form of purée, such 
as string beans eaten as salad, may resist the action of the 


_ digestive juices so that the starch contents of the cell are 


untouched, and the vegetable cells appear in the feces. ‘These 
facts explain the appearance of bread in the feces if the bread 
be badly cooked, or if such a “heavy” bread as pumpernickel 
be eaten. The imperfectly cooked bread contains starch 
granules whose coverings are impermeable to the digestive 
juices, as are also many of those in the unbolted rye of pum- 
pernickel. 


1Rubner: “Zeitschrift fiir Biologie,” 1879, xv, 146. 
2¥Fr. Miiller: Ibid., 1884, xx, 375. *Prausnitz: Ibid., 1897, xxxv, 335- 
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Prausnitz finds that if a man be put on a rice diet and then 
meat be substituted for most of the rice, the composition of the 
feces does not vary with the diet. Such feces he calls normal 
feces. They may contain a negligible quantity of fibers of 
meat (Kermauner) or of cellulose from the rice. 

The feces of 6 persons placed alternately on meat and rice 
diets yielded normal feces, the pércentage composition of the 
dry solids of which was as follows: 


COMPOSITION OF FECES ON DIFFERENT DIETS 


No. PERSON. PRINCIPAL Foop. N %. ETHER ia Ast %. 
I H. Rice 8.83 12.43 537 
2 H. Meat 8.75 15.96 14.74 
3 M. Rice 8.37 18.23 11.05 
4 M Meat 9.16 16.04 12.22 
5 Ww. P Rice 8.50 15.89 12.58 
6 W. P. Meat 8.48 17.52 13.13 
7 yobae Rice S25 Pee tee Giles: 14.47 
8 is Pa: Meat 8.16 Sst 15.20 
QO Baer Rice 8.70 beers 16.09 

10 Pari Meat ae O.05 Rene 15.14 
II Vegetarian. Rice 8.78 18.64 12.01 
Average, 8.65 16.39 13.82 


It is seen from this that whether the food solids contain 1.5 
per cent. N, as in rice, or ten times that, as in meat, the com- 
position of the feces remains uninfluenced. Normal feces 
result from the eating of any food which is completely digested 
and absorbed. In all such cases these feces have the same 
composition and are derived from the intestinal wall. It is 
therefore not astonishing that a vegetarian of many years’ 
standing produced the same kind of feces when fed on rice as 
did the other men. The same quality of feces has been ob- 
tained after giving good bread. 

In this connection it is interesting to note that the heat 
value of 1 gram of human feces is very constant whether the 
person is on a meat diet or a medium mixed diet. Rubner! 
gives the heat value of 1 gram of organic matter in the feces 


1 Rubner: “Die Gesetze des Energieverbrauchs,” 1902, p. 35. 
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of a man on a meat diet at 6.403 cdl., while on a mixed diet 
I gram varies between 6.061 and 6.357 cal. The average 
fuel value of feces is therefore 6.2 calories per gram of dry 
organic substance, and this changes only when there is a poor 
utilization of the food. According to Lorisch,? one may 
calculate the approximate heat value of feces by reckoning 
the nitrogen therein as protein nitrogen and multiplying the 
amounts of “protein,” “fat,’’ and carbohydrate present by 
their usual heat value. The sum of these is said to give a 
rough estimate of the calorific loss through the feces. 

After eating pumpernickel, bad bread, or string beans the 
waste of undigested residues of these substances may appear 
in the feces, changing its composition and lowering its per- 
centage of nitrogen content. 

In general, Prausnitz finds no difference between the 
digestibility and absorbability of animal and vegetable foods. 
Meat, rice, and bread from flour are all digested and absorbed. 
The ordinary feces indicate whether a given food is a small ora 
great feces builder, not how much or how little food has been 
used for the organism. 

The value in such foods as cabbage, string beans, cauli- 
flower, and the like lies, aside from their flavor, in the fact that 
their indigestible waste may enhance peristalsis in the intestine. 
Their food value is small, and if given to those with weak 
digestions, is dubious. Mendel’ points out that edible car- 
bohydrate substances, like Iceland moss, agar-agar, Jerusalem 
artichokes, and inulin, are scarcely attacked by the digestive 
juices and therefore have little or no direct nutritive function. 
Het also finds that the proteins of mushrooms are not digested 
in the organism. 

The part played by bacteria in the composition of the 
feces has been variously estimated. Lissauer,’ working in 


1 Rubner: v. Leyden’s “Handbuch der Ernihrungstherapie,” 1903, p. 32. 
2 Lorisch: ‘Zeitschrift fiir physiologische Chemie,” 1904, xli, 308. 

3’ Mendel: “Zentralblatt fiir Stoffwechsel,” 1908, iii, 641. 

4 Mendel: ‘American Journal of Physiology,” 1808, i, 225. 

5 Lissauer: “Archiv fiir Hygiene,” 1906, lviii, 145. 
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Rubner’s laboratory, showed that two-thirds of the fecal 
solids were seluble in alcohol. In the insoluble portion mucin, 
food protein, and the remnants of cast-off epithelial cells, 
as well as bacteria were found. When a diet of meat was 
given to a man food residues were almost entirely wanting in 
the feces. Though the quantity of bacteria may be of im- 
portance in the stools, it is an insignificant factor when com- 
pared with the total quantity of food ordinarily ingested. 
Lissauer finds the following percentages of bacteria in stools 
of the character noted below: 


PERCENTAGE OF Dry BACTERIAL 


Foon. SUBSTANCES IN Dry FEcAL 
MATERIAL. 
Nea Ue Pte ts cinccomisrsc i teak 4.3 
En Manet n.« | Mined ee NIE Wists cots i eleereS 8.7 
Weretab lemme aye cers checttr cu Bailes 10.5 
OL pera psoas: 4 Gens ayer eee dire, Sus, ep a0 Fes ere ere 5-4 
In Dogs........ Potatoes and breads cacn.nic. cco s ae « 7.6 
Tia) 18263 0 FYI ibs cote ches Ce Ree Oa NR 1.0 
LHC dig Asaage Ob orken Aare 0 AOS oes eee ee 16.7 


In man the minimal quantity of bacteria composing the 
stools was 2.53 per cent., the maximum 13.54 per cent., and 
the average was 8.7 per cent. of the total solids. Rubner has 
calculated that 1 gram of dry bacterial substance contains 
0.114 gram nitrogen. Making use of these data, Lissauer. has 
prepared the following table to illustrate the part which 

-bacteria may play in the fecal nitrogen elimination of man: 


D Dry FEcEs N BACTERIA BACTERIAL N 
Hae: RAM. Gram. Gram. Gram. 
INE CAT Sree Cy ue cisions a 62 0.73 0.08 
NViixecd erie erase sti, 30.0 2.9 2.86 0.33 


It is evident that the quantity of bacterial nitrogen in the 
feces is small in comparison with the ordinary intake of nitro- 
gen in the food. Though the feces apparently swarm with 
bacteria, it should be recalled that 4,000,000,000 weigh only 1 
milligram. 

It may be added that Osborne and Mendel! report that 
70 per cent. of the nitrogen of the rat’s feces is due to bacteria. 


1Qsborne and Mendel: “Journal of Biological Chemistry,” 1914, xviii, 177. 


CHAPTER II 


THE ATWATER-ROSA RESPIRATION CALORIMETER 


A RESPIRATION CALORIMETER is an apparatus designed for 
the measurement of the gaseous exchange between a living 
organism and the atmosphere which surrounds it, and the 
simultaneous measurement of the quantity of heat produced 
by that organism. 

In 1892 Atwater began work upon a calorimeter which 
could measure the heat production in man, the first description 
of which appeared in 1897.!_ The initiative in the undertaking 
rested with Atwater, whereas the successful completion of the 
apparatus was largely due to the physicist Rosa. The 
original Atwater-Rosa calorimeter was combined with a 
respiration apparatus of the type designed by Pettenkofer, 
which measured only the carbon dioxid excretion without 
determining the oxygen intake. 

The apparatus represented technical perfection,? as was 
evidenced by the fact that when a measured amount of heat 
was generated by an electric current within the box it was 
determined as 100.01 per cent. of the actual value. This test 
of accuracy is called an electric check. Also, when a known 
quantity of alcohol was oxidized, the carbon dioxid recovered 
_ amounted to 99.8 per cent. and the heat to gg.9 per cent. of the 
theoretic value. This is an alcohol check. In experiments 
with men the work frequently lasted during a period of several 
days. The method of computation was based on that of 
Voit and Rubner, 7. e., the amount of protein carbon excreted 
was calculated from the nitrogen excreted in the urine and 


1 Atwater and Rosa: ‘Report of the Storrs Agricultural Experiment Sta- 
tion,” 1897, p. 212. 

* Atwater and Benedict: “Memoirs of the National Academy of Sciences,” 
1902, viii, 231. 
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feces, this subtracted from the total carbon excreted in the 
respiration, urine, and feces gave the total non-protein carbon or 
that attributable to carbohydrate and fat. It was assumed 
that all the carbohydrate ingested was oxidized and that after 
deducting this amount the excess of non-protein carbon was de- 
rived from the metabolism of fat. In this way the calories from 
protein, carbohydrate, and fat were computed. The validity 
of this method is shown in the work of Atwater and Benedict 
by the average results per day of forty days of experimentation 
with three different individuals who took an ordinary mixed 
diet: 


CALORIES. 
Iavginectcalonimetrya. ste ons sh oc scceatane 2717 
WH emtrcaloninme he cnmecrac eat erctlca. cf choc. f eo dhe 2723 
NGI erENCOs Merete ols sine ocieils os hes 0.2 per cent. 


Atwater was not content to omit the determination of 
oxygen, and turned his attention to this important problem. 
As already explained (p. 29), the quantity of oxygen required 
in metabolism depends on the kind of material oxidized in the 
organism, and the relation between the amount of oxygen 
absorbed and carbon dioxid eliminated depends on the same 
factor. The ratio of the volume of carbon dioxid expired to 
the volume of oxygen inspired during the same interval of 
time was called by Pfliiger the respiratory quotient. 

It was known to Lavoisier that any volume of oxygen 
uniting with carbon produced the same volume of carbon 
dioxid. Since the volume of oxygen inspired was found in 
his experiments to be larger than that of the expired carbon 
dioxid, Lavoisier concluded that a portion of the inspired 
oxygen must have been used to oxidize hydrogen in the 
production of water. Under these circumstances the 
Vorume £0: would be less than unity. The carefully executed 
experiments of Regnault and Reiset, published in 1849, 
showed that the value of the respiratory quotient depended 
on the nature of the food given and not on the species of 
animal. They found that the respiratory quotient might vary 
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in the same animal from 1.02 to 0.64, and that it varied with 
the kind of food taken, but was constant with the same food. 
When fowls were fed with corn or dogs with bread, respiratory 
quotients of 1.02 and 0.93, respectively, were obtained. The 
quotients were lower when a meat diet was given and still 
lower than this when the animal fasted. The low quotients 
during inanition were obtained alike with herbivorous and 
carnivorous animals, which indicated to Regnault and Reiset 
that these animals lived upon their own flesh under con- 
ditions not unlike those existing when a meat diet .was 
taken. 

Turning now to modern analysis, it is evident that when 
carbohydrate, in which hydrogen and oxygen are always present 
in the proportion to form water, is oxidized, the respiratory 
quotient will be unity. One may express the process thus: 


Cs5H12.0¢ + 602 = 6CO2 + 6H20 


Since equal volumes of gases at the same temperature and 
pressure contain equal numbers of molecules (Law of Avagadro, 
1811) it is evident from the above formula that one volume 
of oxygen absorbed produces one volume of carbon dioxid 
during carbohydrate combustion. Hence, for carbohydrate 
the R. Q. = 1.00. 

When fat is oxidized oxygen. is utilized not only for the 
production of carbon dioxid, but also for the oxidation of 
hydrogen, forming water. 

This is evident from the following formula: 

C3H;(O2C.CH2.CH2.CH2.CH2.CH2.CH2.CH2.- 
CH».CH»2.CH2.CH2.CH2.CH2.CH2.CHs)s 


Tripalmitin. 


If one deducts the intramolecular water from tripalmitin 
one obtains the following: 


Tripalmitin s......, fares Seatcuae oe ane eae C51H 806 
Deduct intramolecularsHs@ crn ee eee: Hy»O0¢ 


Leaving for oxidation. .can emake eee Csi1H¢6 
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This on oxidation yields: 


2(C51H¢¢) a 14502 = 102CO, — 86H:20 


102 volumes CO: 
R.Q. = —————- = 0.703 
145 volumes OQ, 


Edible fats are usually mixtures of various simple fats, 
consisting for the most part of tripalmitin, tristearin, and 
triolein, all of which require nearly the same quantity of 
oxygen for oxidation. Lehmann, Miiller, Munk, Senator, and 
Zuntz! analyzed the respiratory quotient which should be 
obtained from lard as follows: 


1 gram lard =0.765g. C +o.119 g. H+0116g.0 
Deduct intramolecular water 0.0145 g. H+ 0.116 g.O0 


0.765 g. C + 0.1045 g.H 
Required for oxidation 2.040g. O + 0.836 g.O 


2.805 g. CO2 + 0.9405 g. H2O 


As the weight of the oxygen molecule is to that of carbon 
dioxid as 8 is to 11, the respiratory quotient is deduced from 
the relative weights as follows: 

2.805g.CO, 8 


XxX — = 0.710 


R.Q. = ————— 
2.876g. QO, 11 


Zuntz? later slightly changed the oxygen value so that the 
calculated quotient was 0.707. A still more recent computa- 
tion by Zuntz? for human fat shows a respiratory quotient of 
0.713. The respiratory quotient of fat is, therefore, very 
constant. 

The respiratory quotient for protein is, for the most part, 
the resultant of the oxidation of the various amino-acids of 
which protein is composed (see p. 77). This quotient, as 
calculated by Zuntz, is based upon the careful analytic data 


1Lehmann, Miiller, Munk, Senator, and Zuntz: “Virchow’s Archiv,” 1893, 
cxxxi, Suppl. Bd., p. 131. 

2Zuntz: “Pfliiger’s Archiv,’’ 1897, lxviii, 201. 

3Zuntz: “Zuntz und Loewy’s Lehrbuch der Physiologie des Menschen,” 
2d edition, Leipzig, 1913, p. 644. 
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prepared by Rubner, already described. Zuntz, however, 
substracted the fat in the feces from the material attributable 
to protein metabolism. A recent computation by Loewy! 
is as follows: 


100 grams meat protein contain: 
52.38 g.C 7.27 gH 22.68% ¢,0 16.65 g5.Nier.o2 gao 
of which is eliminated— 
in the urine: 9.406 g.C 2.663g.H 14.099 g.0 16.28g.N t1.02g.5S 
in the feces: 1.471g.C o.212g.H 0.889g.0 0.37g.N 
leaving a residuum for the respiratory process of— 
: Ys Bolen pO. eey.ly-foy PER ere Faw) 
deduct intra- : : 
molecular water: 0.961 7:69 


41.50 g.C 3.439 g.H 


These quantities of carbon and hydrogen would require 
138.18 grams of O2 and produce 152.17 grams of CO». Since 
1 gram of oxygen is the equivalent of 0.699 liter and 1 gram 
of carbon dioxid amounts to 0.5087 liter, the R. Q. would 
be to ers = 0.801. From these data it may be calcu- 
lated that for every gram of urinary nitrogen derived from 
protein 8.45 grams of oxygen are required for the oxidative 
process and 9.35 grams of carbon dioxid are eliminated in 
virtue of such oxidation. 

In consequence of this, one may estimate the substances 
oxidized in the organism by deducting from the total elimina- 
tion of carbon dioxid the quantity derived from protein 
(grams urinary N X 9.35), and from the total oxygen absorbed 
that required to oxidize protein (grams urinary N X 8.45). 
From the figures so obtained one determines the non-protein 
R. Q. From this the part played by fat and carbohydrate in 
metabolism may be computed. For when fat alone is oxidized 
the quotient will be 0.707, and when carbohydrate is oxidized 
it will be 1.00. Quotients which are intermediary between 
these two indicate that mixtures of the two materials are 
being destroyed (see p. 61). Knowing the quantities of these 
gases, their relative volumes (the R. Q.), and also the nitrogen 
elimination, it is possible to calculate exactly what amounts 


1 Loewy: ‘‘Oppenheimer’s Handbuch der Biochemie,” rorz, iv, 1, 279. 
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of protein, carbohydrate, and fat have been oxidized during 
the period of experimentation. 
The significance of the Non-protein Respiratory Quotient as regards the heat 


value of 1 liter of oxygen, and the relative quantity in calories of carbohydrate 
and fat consumed. (Modified from Zuntz and Schumburg.) 4 


CALORIES FOR 1 LITER O2. 
R.Q. CARBOHYDRATE. Far. 
Number. Logarithm. 
Per Cent. Per Cent. 
0.707 4.686 0.67080 ° 100 
0.71 4.690 0.67116 1.4 98.6 
0.72 4.702 0.67231 4.8 95-2 
0.73 4.714 0.67346 8.2 91.8 
0.74 4.727 0.67460 11.6 88.4 
0.75 4-739 0.67574 15.0 85.0 
0.76 4.752 0.67688 18.4 81.6 
0.77 4.704 0.67801 21.8 78.2 
0.78 4.776 0.67913 25.2 74.8 
0.79 4.789 0.68024 28.6 71.4 
0.80 4.801 0.68136 32.0 68.0 
0.81 4.813 0.68247 35-4 64.6 
0.82 4.825 0.68358 38.8 61.2 
0.83 4.838 0.68469 42.2 57.8 
0.84 4.850 0.68578 45-6 54.4 
0.85 4.863 0.68690 49.0 51.0 
0.86 4.875 0.68800 52.4 47.6 
0.87 4.887 0.68910 55-8 44.2 
0.88 4.900 0.69019 59.2 40.8 
0.89 4.912 0.69128 62.6 37.4 
0.90 4.924 0.69230 66.0 34.0 
0.91 4.936 0.69343 69.4 30.6 
0.92 4.9048 0.69450 72.8 TO ee 
0.93 4.960 0.69557 76.2 23.8 
0.04 4-973 0.69664 79.6 20.4 
0.95 4.9085 0.69771 83.0 17.0 
0.96 4.007 0.69878 86.4 13.6 
0.07 5.010 0.60085 89.8 10.2 
0.98 5.022 0.70092 ~~ 93-2 6.8 
0.99 5.034 0.70199 96.6, 3.4 
1.00 5.047 0.70307 100.0, 0.0 


The R. Q., therefore, ranges from 0.707 for fat to 1.00 for 
carbohydrate. Exceptions may be noted under conditions 
involving the conversion of carbohydrate into fat in which 
- case the quotient exceeds unity (see p. 306) and in severe dia- 
betes, when the quotient may be less than 0.707 (see p. 470). 

From this analysis of the oxidative process associated 
with the destruction of carbohydrate, fat, and protein in the 
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organism, it is possible to compute the heat value of the res- 
piratory gases when the various substances are oxidized. 
This knowledge may be compressed into the following table 
given by Loewy!: 


a 0 CO CALORIES. 
bs nt decom enaceee FORMED. R. Q. CALORIES. >, = a aan er ie 
1 Liter Oz, | x Liter COz. 
, Cx. C.ce 
Protein,..:,.|' 900:3 773-9 0.801 4.316 4.485 5-579 
Batik a 2019.3 1427.3 0.707 9.461 4.686 6.629 
Starch eee 828.8 828.8 1.000 4.182 5-047 5.047 


Based upon the analytic figures given for protein, it may 
be computed that: 

I gram urinary nitrogen = 26.51 calories. 

The calories derived from the oxidation of fat and carbohy- 
drate given by Zuntz and Schumburg? are reproduced on p. 61. 

An example of the calculation of indirect calorimetry 
may be of value as an illustration. The subject was a dog 
weighing 12.75 kilograms and the period was one hour in 
duration. The calories directly determined by the calorimeter 


are also given: 
COz O2 R.Q. Urine N 


Grams. Grams. Grams. 
Respiratory exchange 6.75 6.17. 0.79 0.136 
Deduct protein (0.136 X 9.35) = I. ae (0.136 X 8.45) = 1.15 
Non-protein fous 5.02 0.79 
(= 3.51 liters) 
CALORIES CALORIES 
INDIRECT. Direct. 
Protein calories (0.136 grams N X 26.51) 3.60 


Non-protein calories (3.51 liters O2 X 4.789*) = 16.83 


20.43 20.92 
: Difference, 2.5 per cent. 
* Calorific value of 1 liter O2 when R. Q. = 0.70. 


The same method is employed in the calculations of the 
metabolism of man. 


1 For slightly different values consult Benedict and Talbot: ‘The Gaseous 
Metabolism of Infants,” Carnegie Institution, Publication 201, 1914, p. 26. 

2Zuntz and Schumburg: ‘“‘Studien zu einer Physiologie des Marsches,” 
Berlin, 1901, p. 361. 
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_ Inaseries of twenty-two different experiments with a dog 
Murlin and Lusk! obtained the following results: 


CALORIES. 
PMUMPOCE CALOIIAICUIY Srah innirisig feo was var steph an crieere we ap 2244 
PRPC OUMCALOTMMEEM MIR Mme n REN Gy Sats Ok ACN ce tctee 2230 


ID SLSR NO vis eed eon eter Re 0.6 per cent. 


In fourteen of the twenty-two experiments the individual 
error was less than 2 per cent. 

The following is a description of the principles of an 
Atwater-Rosa respiration calorimeter with the improvements 
added by Benedict,? Williams,* and others, which has been 
adapted for the use of patients in Bellevue Hospital :4 


PRINCIPLE OF THE ATWATER-ROSA-BENEDICT RESPIRATION 
CALORIMETER® 


The apparatus is divided into two functional parts, one for measuring the 
gaseous exchange, the other for measuring the heat production of the subject. 
A schematic presentation is here given (Fig. 1). 

The Gas Analysis —The inner lining of the apparatus presents an air-tight 
copper box having a capacity of 1123 liters. One end of the box, through 
which the patient lying on the bed is admitted, may be closed with a glass 
plate by means of wax. The air within the box is purified by drawing it out 
of an opening in the box through a rubber tube and forcing it by means of a 
rotary blower through a system of absorbers, whence it returns again to the 
box by another rubber tube. It passes (see diagram) first through sulphuric 
acid (1), which removes the water, then through moist soda lime (2), which 
removes the carbon dioxid, and next through sulphuric acid (3), which absorbs 
the moisture taken from the soda lime. If the bottles be previously weighed, 
the gain in weight of 1 represents water absorbed, and the gain in weight of 
2 plus 3 equals the carbon dioxid absorbed. By this method the water and 
carbon dioxid produced by a man are taken from the air, while oxygen within 
the chamber is being absorbed by the man himself. This causes a diminution 
in the volume of the contents of the box. In order to replace the oxygen used, 
oxygen is automatically fed into the system from an oxygen cylinder which 
may be weighed before and after the period. The automatic feeding of oxygen 
into the box is accomplished by means of a spirometer whose interior is con- 
nected with the interior of the calorimeter chamber. As the volume of the 


1 Murlin and Lusk: “Jour. of Biological Chemistry,” 1915, xxii, 17. 

2 Benedict and Carpenter: Carnegie Institution of Washington, 1910, Pub- 
lication 123. 

3 Williams: “Jour. of Biological Chemistry,” 1912, xii, 317. 

4 Riche and Soderstrom: ‘Archives of Internal Medicine,” 1915, xv, 805. 

5 Lusk: ‘Archives of Internal Medicine,” 1915, xv, 793. 
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Fig. 


1.—Schematic diagram of the Atwater-Rosa-Benedict respiration ca- 


lorimeter. 


Ventilating System: 
O:2, Oxygen introduced as consumed 
by subject. 
3, H2SO, to catch moisture given, 
off by soda lime. 
2, Soda lime to remove CO». 
1, H.SO, to remove moisture given 
off by patient. 
Bl, Blower to keep air in circula- 
tion. 
Indirect Calorimetry: 
Increase in weight of H2SO, (1) = 
water elimination of subject. 
Increase in weight of soda lime 
(2) + increase in weight of 
H.SO, (3) = CO, elimination. 
Decrease in weight of oxygen tank 
= oxygen consumption of subject. 
Heat-absorbing System: 
A, Thermometer to record temper- 
‘ature of i ingoing water. 
B, Thermometer to record temper- 
ature of outgoing water. 


V, Vacuum jacket. 

C, Tank for weighing water which 
has passed through calorimeter 
each hour. 

W, Thermometer for measuring 
temperature of wall. 

Ai, Thermometer for measuring 
temperature of the air. 

R, Rectal thermometer for measur- 
ing temperature of subject. 

Direct Calorimetry: 

Average difference of A and B X 
liters of water + (gm. water 
eliminated X 0.586) + (change 
in temperature of wall X hydro- 
thermal equivalent of box) + 
(change of temperature of body 
X hydrothermal equivalent of 
body) = total calories pro- 
duced. 

Th, thermocouple; Cu, inner copper 

wall; Cus, outer copper wall; E, F, 

dead air-spaces. 
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air in the box decreases, the spirometer falls until a certain point is reached, 
at which an electric contact releases a clamp, which allows oxygen from the 
oxygen cylinder to enter the box, causing the spirometer to rise, break its 
electric contact, and clamp off the oxygen supply. So sensitive is the spirom- 
eter to the movement of the patient that a device called a “‘work adder”’ has 
been attached to it, which records the subject’s movements. 

At the beginning of an hourly period of experimentation an observer at 
the table calls “time.”” At this instant the rotary blower is stopped, the air 
current switched so as to pass through a new set of weighed absorbers, and 
then the rotary blower is started again. At the word “time” an operator also 
turns a pet-cock which cuts off the respiratory chamber from the spirometer 
cylinder, which.is then filled, always to a given point, with oxygen from the 
oxygen cylinder. The pet-cock is now opened and a freshly weighed oxygen 
cylinder is placed in the position of the other, which is removed. Repeating 
these procedures an hour later, one may determine by difference in weight the 
gain of water and carbon dioxid by the absorbers and the loss of oxygen by 
the cylinder. The figures are subject to corrections due to (1) gain or loss 
of water or carbon dioxid content in the box itself during the period, which 
gain or loss must be added to or subtracted from the increase in weight of 
the absorber system. This gain or loss of water and carbon dioxid in the box 
also affects the volume of the air in the box and, therefore, the quantity of 
oxygen admitted, as do, in addition (2), a change in temperature within the 
box and (3) a change in barometric pressure. These corrections must be 
made in order to determine whether oxygen is to be added or subtracted from 
the quantity which has been furnished from the oxygen cylinder. The result 
gives the quantity of oxygen which the man has absorbed. It is apparent that 
all the errors of determination fall on the oxygen, and yet the exactness of 
the method is witnessed by the close approximation in alcohol check experi- 
ments of the theoretic and actual values for oxygen consumed. 

_ If a person in the calorimeter moves even the arm during the critical 
moments just before “time” is called, the increased local heating of the air 
may cause the spirometer to rise to a considerable height, of which the air 
thermometers inside the box fail to make compensatory record, and the oxygen 
determination will be too low in that hour and too high in the next. 

Analysis of the air in the interior of the chamber is made just before the 
beginning of each hour by passing 1o liters of air from the box through three 
U tubes containing, respectively, sulphuric acid, soda lime, and sulphuric acid, 
then through a Bohr gas-meter, and back into the box again. This is called the 
“residual analysis.” 

Under the conditions present in the respiration apparatus carbon dioxid 
is measured with the greatest ease and accuracy. Oxygen is also measured 
with accuracy if the person within the box lies perfectly quiet for ten minutes 
before the end of the period, whereas water production is the least accurate 
of all the determinations on account of the varying hygroscopic condition of 
the walls, bedding, and other surfaces within the closed spaces of the apparatus. 

The Measurement of Heat Produced—Roughly speaking, one-quarter of 
the heat eliminated by a man is present in the water vapor which is absorbed 
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by the first sulphuric acid bottle on the absorber table. At 20° C. 0.586 
calories are contained as latent heat in 1 gram of vaporized water. : 

The rest of the heat loss takes place by radiation and conduction. It is 
this heat which is measured by the calorimeter itself. The mechanism of 
the calorimeter is essentially twofold. In the first place, there is no heat loss 
through the walls of the apparatus, and, secondly, the heat produced by a 
man within is removed from the chamber by a current of cold water flowing 
through copper tubes suspended from the upper wall of the chamber. If 
the walls allowed no heat to pass, it is obvious that without the cooling effect 
of the water-pipes the temperature of the air in the box would soon attain 
the temperature of the human body instead of being about 23° C., at which it 
is usually held. The apparatus is therefore a constant-temperature, water- 
cooled calorimeter. It is evident that if no heat is allowed to pass through the ~ 
walls of the calorimeter, then the heat produced within the chamber will be 
removed in the current of cold water flowing through the heat-absorbing pipes 
inside the chamber of the apparatus. If the temperatures of the ingoing and 
of the outgoing water are known and the quantity of water which has passed 
through the heat-absorber during an hour is measured, the quantity of heat 
carried away in the current of water can be accurately determined. For ex- 
ample, if the difference between the temperature of the ingoing and outgoing 
water is 2.50 degrees, and 20 liters of water have passed through the heat ab- 
sorber in one hour, then 50 calories of heat have been carried away from the 
apparatus during the period. If the temperature of the walls within the appa- 
ratus has undergone a change this value is subject to corrections, but other- 
wise the total heat elimination of the person is measured by the 50 calories 
so determined plus the heat value of water vaporized during the hour. 

To obtain an even flow of water through the heat-absorber the water is 
supplied from a constant-level tank placed above the calorimeter. To obtain 
ingoing water of an even temperature Williams passed the previously ice- 
cooled water current through a Gouy temperature regulator and then through 
a current regulator designed by himself. These improvements allow the in- 
going water to enter the calorimeter at a temperature which may not vary 
more than 0.02° C. during hours of experimentation and, for the first time, 
permit the exact measurement of small quantities of heat in this type of 
apparatus. The temperatures of the ingoing and outgoing water are taken 
every four minutes by electric resistance thermometers and are read in con- 
nection with a galvanometer and Kohlrausch bridge on an observer’s table. 
The quantity of the water-flow is determined by weighing; the water is diverted 
at the call of “time,” so that the exact quantity for the hour is collected in a 
previously weighed receptacle. 

Having learned how the heat produced within the apparatus is carried 
away, the problem of how to prevent loss of heat through the walls of the 
chamber remains to be discussed. This was accomplished through a device 
introduced by Rosa. The calorimeter is constructed of three walls, an inner 
copper wall which has already been described as the lining of the respiration 
chamber, an outer copper wall separated from the inner wall by a space of 
dead air, and an insulating wall (made of two layers of “compo-board,” the 
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space between them being filled with cork), which insulating wall is separated 
from the outer copper wall by a second space containing dead air. It is ob- 
vious that if the inner and outer copper walls of the calorimeter have the same 
temperature there will be no exchange of heat between them. Therefore, 
to prevent a gain or loss of heat by the inner wall, it is necessary to maintain 
the outer wall always at exactly the same temperature as the inner wall, under 
which circumstances the latter cannot gain or lose heat to its neighbor. 

In order to detect differences in temperature between the outer and inner 
walls Rosa arranged thermo-couples in series between the two walls. In this 
fashion the top, sides, and bottom of the box are successively tested every four 
minutes by an operator at the observer’s table to determine whether there is 

_any difference in temperature between the outer and inner walls. If the outer 
wall is found to have a different temperature from the inner wall, its tempera- 
ture is brought to that of the inner wall by the following device: A cooling 
current of water runs through pipes between the insulating and outer copper 
wall, and in this same space, along the line of the pipes, run “Therlo”’ resistance 
wires carrying an electric current for the warming of this interspace (see Fig. 2). 
By varying the intensity of the electric currents which severally supply the 
spaces to top, sides and bottom, the temperature of these spaces can be so 
controlled as to heat or cool the outer copper wall and maintain it at exactly 
the same temperature as the inner copper wall. This is the effective system 
which prevents a loss or gain of heat through the wall of the calorimeter. 

Resistance thermometers are attached to the inner walls of the calorim- 
eter, and if the temperature of the walls rises or falls between the beginning 
and end of the experiment, a correction must be made. It has been found 
that 19 calories are absorbed by the Sage calorimeter when the inner wall rises 
1 degree. Conversely, 19 calories are given up by a fall of x degree. This is 
the hydrothermal equivalent of the box. 

The temperature of the air entering the box from the absorbing table is 
always heated to exactly the same temperature as the air leaving the box. 

Finally, an electric resistance thermometer inserted 10 or 12 cm. into the 
rectum of the person in the calorimeter gives information regarding the reten- 
tion or loss of heat in his organism. The specific heat of a man is assumed to 
be 0.83, that is to say, 0.83 calorie raises 1_kilogram 1 degree. If, therefore, 
the body temperature of a man weighing 70 kilograms rises or falls 1 degree, 
the quantity of heat lost or gained by the body will be 70 X 0.83, or 58.1 
calories. This is on the assumption that the rise of body temperature is 
everywhere the same as takes place in the rectum, a supposition which, un- 
fortunately, is not always true (see p. 132). 

The accompanying scheme (on p. 68) gives the details regarding the em- 
ployment of the three individuals who conduct a calorimeter experiment. 

It may be added that special care has been taken to make the appearance 
of the calorimeter attractive to the eye, and that the spirit of the small ward 
in connection with the calorimeter work has been such that the patients have 
considered themselves especially fortunate when chosen for the diversion 
offered by a morning’s occupancy of the apparatus. 
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SCHEME OF EMPLOYMENT OF OBSERVERS IN A CALORIMETER EXPERIMENT 


PERIOD OF 
OBSER- 
VATION. 


Eight min- 


utes be- 
fore. 
Five 
utes 
fore. 
Four min- 
utes be- 


fore. 
One-half 
minute 
before. 
At “Time.” 


min- 


be- 


Imme- 
diately 
after 
“Time.” 


OBSERVER 1, AT ELEC- 
TRIC CONTROL TABLE. 


Brings walls into exact ther- 


mal equilibrium. 


Takes final reading of air, 
walls, and rectal temper- 
ature. 

Presses button which di- 
verts stream of water 
from weighing tank. 


Starts taking readings 
every four minutes of 
ingoing and _ outgoing 


water, of air, walls, 
rectal, and surface ther- 
mometers. Reads and 


adjusts temperature of 
top, sides, and bottom 
of calorimeter, of the in- 
going air and water 
every four minutes, or 
oftener if necessary. 


OBSERVER 2, IN CHARGE 
or EXPERIMENT. 


Signals subject to lie ab- 


solutely quiet. 


Starts kymograph record 
of movements of spirom- 
eter. 


Sets barometer. 


Shuts spirometer off from 
box. Fills to standard 
level from oxygen tank. 


Records and sets work- 
adder. Signals to subject 
that he may move. 
Weighs oxygen tank and 
connects with box again. 
Weighs sulphuric and 
soda lime bottles. ‘Con- 
nects them up again and 
tests for leaks. During 
remainder of hour counts 
pulse, inspects valves 
for leaks, adjusts tem- 
perature of room, 
watches subject, etc. 


OBSERVER 3, CALCULATOR. 


Starts passing first ro-liter 


sample of residual air 
through U tubes. 


Finishes first and starts 
second residual. 


Finishes second residual. 


Stops ventilating current of 


air. Turns valve to pass 
air _ through newly 
weighed absorbers. 


Starts ventilating cur- 
rent. 

Weighs water tank which 
has received all the water 
from the heat absorber 
during the past hour. Di- 
verts stream of water to 
this tank again. Records 
barometer. Weighs re- 
sidual. Calculates re- 
sults of the hour just 
finished. 
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CHAPTER III 


STARVATION 


NUTRITION may be defined as the sum of the processes con- 
cerned in. the growth, maintenance, and repair of the living 
body as a whole or of its constituent organs. 

An intelligent basis for the understanding of these processes 
is best acquired by a study of the organism when it is living 
at the expense of materials stored within itself, as it does in 
starvation. 

Starvation or hunger is the deprivation of an organism of 
any or all the elements necessary to its nutrition. Thus when 
carbohydrates and fats only are eaten, protein hunger ensues. 
If the body is deprived of water or of calcium, thirst or calcium 
hunger, as the case may be, follows. Complete starvation 
occurs when all the required elements are inadequate. A fast- 
ing dog to whom no food or drink is offered does not undergo 
starvation in this sense, for the metabolized tissue furnishes 
enough water for the urine and respiration. There is also no 
water hunger in a dog when meat is ingested, for the meat 
contains enough water to dissolve the end-products of its 
metabolism in the urine. Dogs and cats have no sweat-glands 
in the skin except in the pads of their feet. They therefore 
are not so susceptible to water hunger as is man, whose body 
surface is constantly losing moisture. 

A true picture of water hunger is presented by Straub,' who 
gave a dog dry meat powder mixed with fat. Under these 
circumstances water is withdrawn from the tissues to dissolve 
the urea formed. He found that muscles may lose 20 per 
cent. of their water content without pathologic manifesta- 


1Straub: “Zeitschrift fiir Biologie,’ 1899, xxxviii, 537. 
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tions, although withdrawal of water somewhat increased the 
protein metabolism. The experiment could not be carried to 
the point of death from thirst, for after a few days the food 
was regularly vomited, on account of the decreased flow of the 
digestive secretions and an altered condition of the intestinal 
canal. The non-absorption of the meat powder threw the 
body on the resources of its own tissue, and this form of 
starvation, as has been shown, does not constitute water 
hunger. 

Rubner' finds that starving pigeons die of thirst in four to 
five days, while those allowed only water live twelve days. 
Water hunger is, therefore, more quickly fatal than starvation 
when water is allowed. Under the usual conditions of so- 
called starvation experiments water is freely allowed, so that 
water hunger does not enter as a factor into the following 
discussion. 

If water be available, the organism obtains the energy 
necessary for its continued existence from the destruction of its 
own store of protein and fat. After a variable length of time 
the organism succumbs. Exposure to cold greatly hastens 
the end. What is ordinarily called death from starvation is 
often really death from exposure. 

Boldireff? described rhythmic movements occurring in 
the empty stomach, and Cannon and Washburn’ have called 
attention to the intimate association of these contractions 
with the pangs of hunger. The subject has been studied in 
detail by Carlson‘ in observations upon a boy with a gastric 
fistula. Twenty-four hours after a meal the stomach exhibited 
two types of rhythmic movements: (1) relatively feeble, but 
continuous contractions at the rate of three per minute, and (2) 
relatively strong contractions of the fundus, the true hunger- 
pains. The amplitude of these latter contractions shows a 


1 Rubner: v. Leyden’s “Handbuch der Ernahrungstherapie,” 1903, p. 53. 
2 Boldireff: ‘Archives des sciences biologiques,” 1905, xi, I. 
3 Cannon and Washburn: “‘ American Journal of Physiology,” 1911-12, xxix, 


ie 
‘Carlson: ‘American Journal of Physiology,” 1912-13, xxxi, 151. 
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close correspondence with the intensity of the sense of hunger 
simultaneously registered. During strong contractions the 
knee-jerk was found to be exaggerated, indicating an increased 
tonus of the nervous system, and there was a great instability 
of vasomotor tone. Carlson suggests that this close asso- 
ciation of the hunger-pains with the vasomotor center may be 
the cause of the faintness occurring in starvation. The 
hunger contractions and, in consequence, the hunger pangs are 
inhibited by: (x) the stimulation of the gustatory nerves 
through sweet, bitter, salt, and acid substances; (2) chewing 
any kind of substance, be it well or ill flavored or tasteless; (3) 
smoking; (4) swallowing movements. Water, coffee, tea, beer, 
wine, and brandy when taken into the stomach inhibit the 
movements and relieve the sense of hunger, though water is 
least effective in this regard. 

Succi has fasted several times for thirty days. Dr. 
Tanner, an American physician, for forty days; and Merlatti, 
in Paris, for fifty days. Succi took laudanum in considerable 
quantity to stay the pain in his stomach, while Merlatti took 
only water. The effect of fasting on the spirits of the faster 
varies with the individual. Usually there is a loss of buoyancy 
of spirit, a decreased desire to work, and a decrease in the 
_actual power of working. Succi, however, was capable of 
considerable exertion, such as walking and riding, without ill 
effects. A dog does not manifest the same depression as is 
seen in man. Dogs may be starved several days before they 
are run in a hunt. One of the longest fasts on record is that 
of Kumagawa’s? dog, which died on the ninety-eighth day. 
This dog was reduced in weight from 17 to 5.96 kilograms, a 
loss of 65 per cent. 

A yet longer fast has been reported by Hawk,’ in which a 
dog fasted from February 6th to June 2d, a period of 117 days, 
7oo grams of water having been administered daily. The 

1 Luciani: “Das Hungern,’’ 1899, p. 28. 

2 Kumagawa and Miura: “Archiv fiir Physiologie,” 1898, p. 431. 


3 Howe, Mattill, and Hawk: “Journal of Biological Chemistry,” 1912, xi, 
103. 
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dog remained in “good spirits” during the whole fast, although 
its weight fell from 26.3 to 9.76 kilograms. There was no 
indication of a ‘‘premortal rise” in the nitrogen elimination 
in the urine. During the first four days of fasting the average 
nitrogen elimination in the urine was 6.23 grams or 0.23 gram 
per kilogram of body weight, and during the last four days it 
averaged 2.44 grams or 0.23 gram per kilogram. The dog 
then passed the summer upon a Kansas farm, fully regained his 
former weight, and in the autumn was reported to be in better 
physical condition than at the commencement of his fast. 
A second or “repeated fast” was then initiated which lasted 
104 days with no harmful results. 

The day to day history of the starving organism must now 
be considered. 

In the first days the amount of protein metabolized depends 
upon the two factors, the glycogen content of the individual 
and the quantity of protein ingested before the starvation 
period. ‘The influence of the first factor was shown by 
Prausnitz.! Fifteen individuals (mostly medical students who 
were taking a course of instruction in the laboratory) fasted 
for sixty hours. The first day’s urine was collected beginning 
after twelve hours of fasting. The second day’s urine con- 
tained in 12 cases more nitrogen than that of the first day of 
starvation. The lower protein destruction on the first starva- 
tion day must have been due to the continued use of sugar 
from the glycogen supply. It is known that the combustion of 
sugar considerably reduces the protein metabolism, so the 
second day and not the first of starvation should be taken as 
the basis of the fasting protein metabolism. 

This influence of glycogen metabolism on that of protein 
during the first and second days of fasting is beautifully shown 
in experiments by Benedict? (see also p. 89). 


1Prausnitz: ‘Zeitschrift fiir Biologie,” 1892, xxix, 151. 
2 Benedict: ‘‘The Influence of Inanition on Metabolism,” Carnegie Insti- 
tution of Washington, 1907, Bulletin No. 77. 
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INFLUENCE OF GLYCOGEN METABOLISM ON THAT OF PROTEIN 
IN FASTING. WEIGHTS IN GRAMS 


First Day. SEconD Day. 
INDIVIDUAL. GLYCOGEN GLYCOGEN 
METABOLIZED. N METABOLIZED. N 

Eimt- Ermi- 

Total, | PerKg. | “™> | Total. | Per Kg. | “AT™- 

SSeS to iiaic cis/oSren. as 181.6 aa 5-84 20.7 0.52 11.04 
Si AAA Ra te ee 135.3 2.31 10.29 18.1 0.31 11.07 
hee B. ARO RCS eee 64.9 1.09 12.24 235 0.30 12.45 
isk, (Gud See eee 165.6 2.33 9.39 44.7 0.64 14.36 
13 Od 7 0 ee er 32.8 0.59 13.25 | 41.6 0.76 13.53 


It is evident that where there is an abundant glycogen re- 
serve the protein metabolism is reduced by the oxidation of 
carbohydrates, but where there is little glycogen to draw upon 
the protein metabolism is high even on the first day of starva- 
tion. 

The second factor, or the influence of the previous meat in- 
gestion, is especially dominant in dogs. (For effect on man 
see p. 275.) Voit! fed a dog weighing 35 kilograms with 
different quantities of meat and noticed the effect on urea 
elimination during subsequent starvation. The results were 
as follows: 


INFLUENCE OF PREVIOUS DIET ON UREA ELIMINATION IN 
STARVATION 


GRaMS OF UREA ExcreTED DURING STARVATION 
Fottowine Various Diets. 
Meat, 
Meat, 1800 G.; Meat, Meat, Bread. 
2500 G. |Fat,250G.| 1500 G. 1500 G. 
East iood/ days is... ..-|' 180.8 130.0 110.8 110.8 24.7 
ist fasting day......... 60.1 37-5 29.7 26.5 19.6 
“2d “<! eS eee 24.9 23.3 18.2 18.6 15.6 
etal LED Sean 19.1 16.7 17.5 15:7 14.9 
4th “ SE Nos nls 7.3 14.8 TAG. Jae ALO 13.2 
aie J ee 12.3 12.6 14.2 14.8 12.7 
6th pee ee tre- es os raed 12.8 13.0 12.8 13.0 
7s) aa eee rnts Seas 12.5 12.0 12.1 12.9 
8th “ SOM et Sos. 10.1 ee, 12.9 12.1 
iat Mee Rata teeaats < dio%G ae a Bie? 11.9 
Oa? or See als, <a eae ek II.4 


1Voit: “Zeitschrift fiir Biologie,’ 1866, ii, 307. 
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It is evident from this that on the sixth day of starvation 
the urea elimination was the same in all cases, or about 13 
grams of urea per day. Voit deducted the 12 grams from 
what he had found for the first days and obtained the 
grams of urea which were derived from the previous food, 
as follows: 


UREA ELIMINATION IN STARVATION ATTRIBUTABLE TO 
PREVIOUS DIET 


MEAT 

M 5 Vie M x" MEart, 

Spent me Seana 1500 G. BREAD. 
(Last food day)......... (168.8) | (118.0) (98.8) (98.8) (12.7) 
1st fasting day.......... 48.1 25.5 SHAT) 14.5 7.6 
2d * Sok oe eae 12.9 Ts 6.2 6.6 3.6 
3d ie Smead a: Tau 4.7 ea6 a 2.9 
Atha a hae ae eae 5-3 2.8 2.9 2.9 1.2 
Giiers oS Scar 0.3 0.6 2.2 2.8 0.7 


The amount of extra protein metabolism is seen from the 
above to be directly dependent on the previous feeding, a 
common level being reached in all cases on the fifth day of 
fasting. 

These experiments led Voit to differentiate between ‘‘cir- 
culating protein,” which could be absorbed, carried to the 
tissues, and burned, and “organized protein,” the more re- 
sistant living protein of the tissues themselves. Voit! stated 
that in metabolism the lifeless protein furnished to the cells by 
the blood was used in preference to the living organized tissue 
protein. He quoted Landois’ experiments, which show that 
after producing an artificial plethora through injection of 
blood, the serum proteins are readily burned and their nitrogen 
eliminated in the urine, while the red blood-cells containing the 
organized protein are only slowly destroyed. If serum alone 
be transfused, its protein is rapidly destroyed.” 


1'Voit: “Handbuch der Ernihrung,” 1881, p. 300. 
2 Forster: “Zeitschrift fiir Biologie,” 1875, xi, 496. 
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Even in starvation there is evidence of “circulating protein” 
as food for the tissues. Thus Miescher showed that the 
salmon, after entering the Rhine from the sea, virtually 
starves. Yet the genital organs of both male and female 
develop greatly, this being at the expense of the muscles, 
which may lose 55 per cent. of their weight. This protein 
must have been carried to the various parts of the body in 
the circulating blood-stream. Miescher finds no indication 
of any destruction of muscle-fibers in this process of emaciation 
(see p. 249). It is interesting in this connection to note that 
A. R. Mandel! has been able at a pressure of 300 to 350 
atmospheres acting on lean meat seventy-two hours old to 
press out a fluid containing 44 per cent. of the protein present 
in the fibers, and this without visible change from the normal 
histologic appearance of the muscle. 

It seemed quite possible that in ordinary starvation protein 
from muscle and other tissues passed to the blood and was 
carried to all the organs as circulating protein for the nutrition 
of their cells. 

The great work of Kossel, Hofmeister, and Emil Fischer 
has taught that the essential composition of protein is a 
structure formed of chains of amino-acids. Fischer has con- 
structed artificial peptids, bodies in which two or more 
amino-acids are united together. For example, glycyl-glycin 
is formed by the union of two molecules of glycocoll with the 
loss of water, as follows: 


H.NCH.,COOH = HN ate 
—H,;0 = 
H,.NCH,.COOH HNCH:,COOH 
Glycocoll. \ Glycyl-glycin. 


Fischer has hung together eighteen of these radicles in 
an octodecapeptid containing four leucin and fourteen glyco- 
coll molecules and being |-leucyl-triglycyl-l-leucyl-triglycyl-l- 
leucyl-octoglycyl-glycin. 


1 Mandel: Unpublished work from the Munich Clinic of Prof. Fr. Miiller. 
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CH »CHCH:CHNH,CO eucyl 
CH:NHCO 
CH:NHCO tri-glycyl 
CH,NHCO 
CHs\\cHCH,CH Neco Heucyl 
CH; 2 iui A 
CONTE 
ae tri-glycyl 
CH,NHCO 
CH >CHCH:CH NHCO .  Heucyl 
CH:NHCO 
We 
CH,NHCO 
CH:NHCO 
ee octo-glycyl 
CH:NHCO 
A 
CH;:NHCO 
if) 
CH:NHCO 
a 
CH:NHCO 
CH,NHCOOH _ glycin 


N = 20.8 per cent. 

This forms a body akin to pepton.. The high molecular 
complexes called proteins, which constitute the basis of our 
being, are, after all, separable into simple chemical compounds. 
In the larger molecule these amino-acids are chained together, 
even as in structural framework various iron beams are 
riveted together. Digestive proteolysis or internal metabolism 
rends the higher structure of the molecule and leaves its 
individual supports, the amino-acids, open for further dis- 
integration.! 

The various proteins differ from one another in the rela- 
tive quantity of the different amino-acids which they contain, 


1¥For further details see Plimmer: ‘‘The Chemical Constitution of the 
Proteins,” 1908. 
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and also undoubtedly in the manner of chemical linkage of 
those acids. Thus Abderhalden has called attention to the 
fact that if the seventeen different chemical units be joined to- 
gether in different ways, 350,000,000 times 1,000,000 different 
combinations are possible even though only a single representa- 
tive of each unit is used. In this manner the amino-acids may 
form combinations the possible multiplicity of which re- 
calls the number of words in the dictionary formed from the 
letters of the alphabet. 

The following table presents analytic data showing the 
approximate amounts of the different amino-acids contained 
in well-known varieties of vegetable and animal proteins: 


COMPARATIVE COMPOSITION OF PROTEINS! 


= Lactat- | EDESTIN Ox 
AurNo-sctns. aie). | Waean),| (tmx). | 2208 | leur aroscen.s 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Glycocolle acs. kat « ane ere hE a 3 3.80 4.0 
JA Gin tien se Ree 13.39 2.00 I.50 2.50 3.60 8.1 
Maliniweetanae avtcests is: 1.88 3-34 7.20 0.90 6.20 2.0 
Mencia te soe stare ss) “LO.55 6.62 9.35 |) 10:40 | 14-50: |) 14.3 
Prolinpenman nana rs os 9.04 | 13.22 6.70 4.00 4.10 8.0 
Phenylalanin.2.)..<.... 6.55 235 3.20 2.40 3.00 a5 
Asparticiacid.......... 1.71 0.58 1.39 1.00 4.50 | 10.6 
Glutaminic acid....... 20:07. 0 \aeds.O0w |r 5s55 TOMO eT 74e 22.4 
EDIE eis Sree evtiele +3 1.02 0.13 0.50 ry 0.33 ? 
4 DB aRothiy « cmise jeune BG 3.55 1.50 4.50 2.20 2.13 4.4 
Uc nae 4 one bee ? 0.45 ? ? I.00 ? 
EVIStIGitivern ss deeds wna, ss « 0.82 1.84 2.50 2.06 2.19 4.5 
ASIN eee sks 255 2.84 3.81 feeLy | arige el) ei) 
SV SITY era ies ass) th 0.93 7.61 9.16 1.65 7.6 
pLryptophanes\.6¢..n 6% 4 rs as 1.00 1.50 + + = 
PATNINONIG: weer ison i 3.64 5.22) |* 1.65 1.32 2.28 1.07 
88.37 85.68 66.92 58.27 82.28 | 102.87 


Concerning the crystalline vegetable proteins which he has 
investigated Osborne® writes: “It is possible to establish a 


? Osborne, T. B., and Mendel, L. B.: “Journal Biological Chemistry,” 
1914, xvii, 336, modified as to the arginin, histidin, and lysin content of gliadin 
and lactalbumin to accord with Osborne, Van Slyke, Leavenworth, and Vino- 
grad, Ibid., 1915, xxii, 259. 

2 Osborne and Jones: “ American Journal Physiology,” 1909, xxiv, 437, 
modified by the findings of Osborne and Jones, Jbid., 1910, XXvl, 305. 

3 Osborne: “Science,” 1908, xxviii, 417. 
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constancy of properties and ultimate composition between 
successive fractional precipitations which give no reason for 
believing the substance to be a mixture of two or more in- 
dividuals. On chemical grounds there is no more reason for 
dividing the proteins into two groups of animal and vegetable 
proteins than there is in making a similar distinction between 
the carbohydrates. Of twenty-three seed proteins which have 
been hydrolized, all have yielded leucin, prolin, phenylalanin, 
aspartic acid, glutamic acid, tyrosin, histidin, arginin, and 
ammonia. Glycocoll, lysin, and tryptophan are the only 
amino-acids which have been proved lacking in any one of 
these proteins.” 

Osborne and Abderhalden are agreed that the chemical 
constituents of protein are probably all known, and that the 
usual deficit found on their analysis is due to the inadequacy 
of the methods employed. Thus Osborne and Jones found 
that they recovered varying percentages of different amino- 
acids when a mixture of known quantities was analyzed. If 
one computes their analysis of ox muscle protein on the basis 
of analytic losses similar to those found when the mixture of 
known quantities of amino-acids was analyzed, one obtains 
nearly 103 per cent. of the value of the original ox protein. 
This value includes the water added by hydrolysis in the break 
up of the molecule. 

Osborne finds that the quantity of ammonia liberated in 
hydrolysis bears a constant relation to the amount of glutamic 
and aspartic acids recovered. He concludes that one of the 
carboxyl groups (COOH) exists as an amid (CONH)», and 
that in reality glutamin and asparagin are present in the mole- 
cule, and become the sources of ammonia when the molecule 
is broken. 

The physiology of protein metabolism has become in late 
years the physiology of the amino-acids. When once so 
regarded, the problem is one of the study of the behavior 
within the body of chemical entities which can be prepared in 
pure crystalline form and the formule of which are definitely 
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known. The fate of these individual amino-acids will be 
considered at another time (see p. 184). It is sufficient to 
state here that the cleavage of protein into amino-acids 
through digestion hydrolysis is accomplished without the 
hberation of an appreciable quantity of heat,’ that the re- 
sulting amino-acids are absorbed directly into the blood- 
stream, and that in so far as they are reconstructed into new 
protein within the organism the process takes place without 
any measurable thermodynamic reaction (see p. 245). Since 
the protein content of blood-plasma is nearly the same in 
fasting as after large ingestion of meat, it is evident that the 
storage of such ingested protein must be effected elsewhere 
than in the blood. 

A preliminary survey of the more recently discovered 
information regarding the interplay between the proteins and 
the amino-acids of the organism may be of service at this 
juncture. The absorption of amino-acids by the blood was 
first indicated by the work of Howell,? who dialyzed dog’s 
blood both before and after giving meat, and in the latter 
instance recovered more material on adding naphthylsulpho- 
chlorid to the diffusate than in the former. The precipitate, 
however, was an oil and its quantity could not be measured ac- 
curately. Folin and Denis? introduced glycocoll or alanin into 
the small intestines of cats, and on analyzing the blood and 
muscle tissue noticed a large increase in the quantity of 
“residual nitrogen’? which was obtained by subtracting “urea 
nitrogen” from “total non-proteitr nitrogen.” The increase 
was so great that it could only have been caused by the influx 
of the amino-acids themselves. An hour after the introduction 
of the amino-acids urea appeared in increased quantity in the 
blood. Their results indicate that absorbed amino-acids 
circulate in the blood, are retained in the muscle tissue, and 
that after an hour urea rises in the blood in response to the 

1H4ri: “‘Pfliiger’s Archiv,” 1906, cxv, IT. e 

2 Howell, W. H.: “American Journal of Physiology,” 1906, xvii, 273. 


3 Folin and Denis: ‘‘ Journal of Biological Chemistry,” 1912, xii, 141, and 
previous papers. 
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increased production of urea in the tissues. They found no 
increase in the quantity of urea or of ammonia in the blood 
of the portal vein after introducing glycocoll or alanin into a 
loop of the intestine, and by this experiment demonstrated 
that the amino-acids were absorbed unchanged without 
deamination, which would have involved ammonia or urea 
production. 

Van Slyke and Meyer! were able to determine directly 
amino-acids in the blood. Thus the absorption of 12 grams 
of glycocoll from the intestine of a dog caused an increase in 
the amino-acid content of the blood from 3.9 to 6.3 milligrams 
per 100 c.c. of blood volume. After giving 1000 grams of 
meat to a dog the amino-acid content of the blood doubled or 
more than doubled in a mesenteric vein, and the urea content 
also increased. There was almost as great an increase in the 
amino-acid content of the femoral vein as in the mesenteric, 
and therefore Van Slyke concludes that amino-acids are not 
largely retained by the liver. 

Van Slyke and Meyer? have confirmed the work of Folin 
and Denis in showing that the tissues absorb amino-acids 
with great avidity. The normal concentration of amino- 
acids in the tissues were found to be five to ten times that in 
the blood. Optimal figures are given as 80 milligrams per 
roo grams of muscle, and 150 milligrams per roo grams of 
liver. In one experiment the introduction into the vein of a 
dog of amino-acids derived from casein and containing 4.06 
grams of nitrogen resulted after half an hour in an increase 
of amino-acids in the blood from 3.9 to 45.4 milligrams per 
100 grams. This quantity would account for 5 per cent. of 
the total amount injected, and since 11 per cent. was elimi- 
nated in the urine it appears that the remainder or 3.41 grams 
of N must have been absorbed by the tissues. 

Finally, it was shown by Van Slyke and ‘Meyer? and in- 
dependently by Wishart‘ that although the ingestion of meat 


‘Van Slyke and Meyer: rea oes of Biological Chemistry,” 1912, xii, 399. 
2 Tbid., 1913-14, xvi, 19 * Idid., 1913-14, XVi, 231. 
4 Wishart: * Journal of Biological Chemistry,”’ 1915, xx, 535. 
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in large quantity increases the amino-acid content of the blood, 
it does not increase that of muscle tissue. It is therefore 
probable that when nitrogen is retained in the organism it is 
not to an appreciable extent stored as digestion products, but 
rather in the form of protein (see p. 169). Such amino-acids 
as are not so synthesized are, therefore, destroyed as rapidly 
as they accumulate. 

Van Slyke and Meyer! conclude that absorbed amino- 
acids disappear rapidly from the liver, although their con- 
centration in the muscle suffers no appreciable fall. The 
urea concentration in the blood increases. The liver de- 
saturates itself and in this way metabolizes superfluous 
protein. 

On the other hand, Fiske and Sumner,? in Folin’s labora- 
tory, after tying a ligature around the portal vein and hepatic 
artery of a dog, find that intravenous injection of amino-acids 
leads to as great a formation of urea as in a normal animal. 
They explain Van Slyke’s results as indicating that the liver 
might rid itself of amino-acids as it does of glycogen without 
being of necessity involved in their destruction. 

In this relation it may be added that Abderhalden® showed 
several years ago that tryptophan was converted into kynu- 
renic acid as readily in a dog with an Eck fistula (see p. 451) 
as in one without. 

The first actual isolation of an amino-acid from blood 
was reported by Abel‘ at the International Physiological 
Congress held at Groningen in the summer of 1913. Alanin 
was found in considerable amount in a diffusate formed by 
dialyzing the blood during its continuous passage from an 
artery of a living animal through a system of tubes made of 


1Van Slyke and Meyer: “Journal of Biological Chemistry,” 1913-14, 
Xvi, 213. 

_ Fiske and Sumner: “Journal of Biological Chemistry,” 1914, xviii, 285. 

3 Abderhalden, London, and Pincussohn: “Zeitschrift fiir physiologische 
Chemie,”’ 1909, Ixii, 139. Consult also Mathews and Nelson: “Journal of Bid- 
logical Chemistry,” 1914, xix, 229; Taylor and Lewis: Jbid., 1915, xxii, 77. 

4 Abel, Rowntree, and Turner: “‘ Journal of Pharmacology and Experimental 
Therapeutics,” 1913-14, v, 61T. 

6 


82 SCIENCE OF NUTRITION 


celloidin immersed in a saline solution, the blood then re- 
turning to the animal bya vein. This method of vividiffusion 
yields alanin in crystalline form. MHistidin and creatinin 
may be determined by color reactions. Sugar, urea, am- 
monia 6-oxybutyric acid, and lactic acid also diffuse from the 
blood in marked amounts. 

Abderhalden! worked with 50 and too liters of blood- 
serum and reports the presence of ten different amino-acids. 
Abel? calls attention to the fact that secondary changes which 
may conceivably take place in shed and coagulated blood 
play no part in his method of vividiffusion, which separates 
diffusible substances from the circulating blood of living | 
animals. 

Van Slyke and Meyer® report that free amino-acids do 
not disappear from the tissues on fasting, but, if anything, 
they tend to increase there. 

These facts are interpretative of conditions in fasting. 
That amino-acids are produced in fasting is demonstrated in 
the cited instance of the salmon in which the protein of the 
genital organs increases at the expense of muscle protein. 
Thus Kossel‘ estimates that a salmon weighing g kilograms 
deposits at breeding time in its testicles 27 grams of salmin 
containing 22.8 grams of arginin. Kossel calculates that 
metabolism of muscle protein during this time yields ample 
arginin to form the new salmin. 

Other evidence of the constant production of amino-acids 
in the tissues in fasting is offered by the experiments of Turner, 
Marshall, and Lamson.’ In these important investigations 


one-third the blood of a dog was withdrawn, the blood cor- — 


puscles were washed with normal saline, and then the washed 
corpuscles were returned to the body. This process is called 


1 Abderhalden: ‘Zeitschrift f. physiolog. Chem.,’”’ 1913, Ixxxviii, 478. 

2 Abel: First Mellon Lecture, University of Pittsburgh, 1915, p. 22. 

2 Van Slyke and Meyer: “Journal of Biological Chemistry,” 1913-14, Xvi, 
oat, 

4 Kossel: ‘‘Biochemisches Zentralblatt,” 1906, v, 33. 

5 Turner, Marshall and Lamson: “Journal of Phameccans and Experi- 
mental Therapeutics,’ ”? 1915, vii, 129. 
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by Abel plasmapharesis. Three such bleedings, with the re- 
turn of the corpuscles in a volume of saline solution equal to 
that of the serum removed, should theoretically reduce the 
serum protein to 30 per cent. of that originally present, pro- 
vided there were no renewal of the plasma protein. But 
there is a fairly rapid flow of protein into the plasma from 
supplies existing in other tissues, so that the serum protein 
after three successive bleedings amounts to about 50 per cent. 
of the quantity ordinarily present. Notwithstanding the 
fall in protein in the blood-plasma, the quantity of urea in- 
creases and the amino-acid nitrogen remains constant. 
These relations are shown in the following table which com- 
pares the analysis of the normal blood and that obtained after 
five days of plasmapharesis, during which time one-third of 
the blood was withdrawn fifteen times, a total amount of 
bleeding equal to more than syerok the quantity of blood in 
the fasting animal. 


_ EFFECT OF PLASMAPHARESIS UPON THE COMPOSITION OF 


DOG’S BLOOD 
. | 

Torar PLASMA Broop- | Urea Amino 

PROTEIN. PROTEIN. COUNT. N. N. 
Per cent. Per cent. Millions. Per cent. Per cent, 
Original blood.........] 19.28 6.38 8.50 0.013 0.0047 

After five days of 5 . 

plasmapharesis \ 15.83 2.92 6.50 0.021 0.0059 


The reaction of the organism which causes an increase in 
the amount of its protein metabolism after reducing the 
amount of serum protein is also shown in the experiments of 
Taylor and Lewis,! who withdrew blood repeatedly at hourly 
intervals and substituted saline for it ina dog. In this man- 
ner the quantity of serum proteins was reduced to only 2.7 
per cent., although the quantity of amino-acid nitrogen and 
of urea increased in the serum. 


1 Taylor and Lewis: “Journal of Biological Chemistry,” 1915, xxii, 72. 
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These facts accord with the older work of Bauer! in Voit’s 
laboratory, who found an increased nitrogen elimination in 
the urine following bloodletting. 

Summarizing this discussion, it becomes clear that though 
the body is built up of proteins which are aggregates of amino- 
acids, these same amino-acids occur free in only minimal 
amounts, 4 parts in 100,000 in blood, for example, and 40 to 80 
parts in 100,000 in muscle. These small amounts are con- 
stantly present and apparently are the precursors of urea. 
After giving meat in large quantity the amino-acid concentra- 
tion rises in the blood, but not in the tissues, for in the tissues 
the amino-acids are either destroyed with the production of 
urea or they are reconstructed into body protein, thus be- 
coming ‘deposit protein” (see p. 286). When starvation 
takes place it is obvious that the quantity of protein destroyed 
may depend upon the protein condition of the cells them- 
selves, and that in the presence of much “deposit protein” 
this may be metabolized in large quantity during the first few 
days, as is indicated by a high nitrogen elimination in the 
urine. 

This principle appears not only in the dog, as before 
stated, but also in man. This is shown in the experiments of 
Karl Thomas (see p. 275), narrated by Rubner,? although in this 
work carbohydrates were ingested. The daily diet of a man 
contained 89 grams of protein nitrogen or 4.5 per cent. of the 
total protein nitrogen content of his organism. During the 
last day of this diet the man eliminated 77.7 grams of nitrogen 
in the urine. Then the man was given a diet of starch and 
sugar, both of which were free from protein, and the nitrogen 
elimination in the urines of successive days was determined as 
follows: 28.3; 10.7; 5.15; 5.16; 4.723 3.93; 3.46; nine-day 
interval: 3.06; 2.31; 2.16. The gradual elimination of 
“deposit protein” with the tendency of the total protein 
metabolism to fall to lower and lower levels is, therefore, a 


1 Bauer: ‘Zeitschrift fiir Biologie,’ 1872, viii, 567. 
*Rubner: “Archiv fiir Physiologie,” 1911, p. 61. 
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concomitant of protein starvation. It seems that it is this 
gradual metabolism of “deposit protein,” in addition to the 
constant and necessary metabolism of the protein built into 
living substance of the cells, which determines the higher level 
of the protein metabolism during the early days of fasting. 

During true fasting it is quite possible that the full ex- 
tent of protein metabolism is not measured by the nitrogen 
in the urine, for it may be that muscle proteins are con- 
verted into amino-acids which are transported to other or- 
gans, to the heart, for example, for the replenishment of an 
organ which scarcely loses weight during the ordeal of life 
without food. Such a procedure would be akin to the 
development of the genital organs of the salmon already 
described. 

It will be perceived that although Voit’s term “circulating 
protein” is, generally speaking, a misnomer, yet it served the 
useful purpose of sharply differentiating the more resistant 
behavior of living tissue protein from that of ingested protein, 
and from the material now known as “deposit protein,” in- 
gested protein being very readily, and deposit protein quite 
readily, metabolized. 

This point is furthermore well illustrated by the behavior 
of gelatin. Voit has demonstrated that although gelatin can 
never be converted into tissue protein nor retained in the 
body, its ingestion may in part prevent the combustion of the 
living protein tissue of the body (see page 156). 

The amount of protein metabolized by a starving animal 
in good condition bears a constant relationship to the total 
metabolism involved. Even in different animals this con- 
stancy is observed. E. Voit! calls attention to the fact that 
the nitrogen elimination is not dependent on the weight of the 
animal, since a pig of 115 kilos produces 0.06 gram per kilo, 
whereas a guinea-pig weighing but o.6 kilo eliminates 0.65 
gram of nitrogen per kilo, or ten times as much. However, a 
comparison of the percentage of the total energy derived from 

1E. Voit: ‘Zeitschrift fiir Biologie,” 1901, xli, 188. 
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protein in fasting animals in good condition (i. e., with con- 
siderable fat) varies within much narrower limits—between 
7.3 and 16.5 per cent. This is shown in the following table: 


NITROGEN METABOLISM OF DIFFERENT ANIMALS IN 


STARVATION. 
N Ermonation. Biskiweaee 
ANIMAL. Ware a : ‘| OF CALORIES 
Total. Per Ky. Ree os FROM PROTEIN. 

Pigs tie. oe ccciscnen 115.0 6.8 0.06 3.2 7.3 
Mano: mantis eee 63.7 12.6 0.20 6.4 15.6 
Dog Laie eres ete 28.6 Sie 0.18 Oy 13.2 
Doshi waa eee 18.7 3.8 0.20 4.6 10.7 
1B Yorega Wil rts Bead Bete VE 2.2 0.30 a) 13.5 
Rabbiterc asco 2.7 1.2 0.46 4.8 16.5 
Gooseyaa sce eee ie) 0.8 0.23 3.3 4.4 
Fowl: cece ee 2.1 0.7 0.34 4.2 10.0 
Guinea-pig.....:... 0.6 0.4 0.65 A:2 10.8 


It is evident from the above that an average of go per cent. 
of the energy of the fasting metabolism may be supplied by 
non-protein material. This material is fat (see page 27). 

If a fasting organism be kept at the same temperature and 
under the same conditions as regards the performance of exter- 
nal work, the metabolism is remarkably even from day to day. 

‘Hanriot and Richet! showed the even absorption of oxygen 
and elimination of carbon dioxid during the early days of 
fasting in man, as is illustrated in this table: 


Liters O2 Liters CO2 


PER Hovr. PER Howr. 
’ 
After ih hours fast SSA E NT So AR Oe ie 1573 
es Sa Rosette ee eee ene ees 16.85 I4.15 
eyo y te DO TIRE EE Sb neces neces 16.05 14.3 
Vl REE SR Ey enc ORO Onc et. Soo 16.9 14.35 


Later Lehmann and Zuntz? made some experiments on the 
professional faster Cetti. They analyzed his urine and feces, 
and also obtained two samples of the carbon dioxid eliminated 

1 Hanriot and Richet: “Comptes rendus de l’Académie des Sciences,” 1888, 


cvi, 496. 
"2 Lehmann and Zuntz: “Arch f. pathol. Anat.,”’ 1893, cxxxi, Suppl., 23. 
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between to and 11 A. M., each period of collection lasting from 
ten to fourteen minutes. In other words, the carbon dioxid 
output was determined for only twenty to twenty-six minutes 
daily. From these data the total day’s metabolism was 
calculated. This apparatus as used by Zuntz has the ad- 
vantage that it can be made in portable form, and may be 
carried on the back in mountaineering. The person inspires 
through a mouth-piece provided with a plate of hard rubber 
which fits between the lips and the teeth. The nostrils are 
closed with a clamp. The inspired air is drawn through a 
valve and the expired air is forced through another valve to 
a gas-meter. Arrangements are also provided for the gas 
analysis of portions of the expired air. Trustworthy results 
are obtained only when the person under investigation is 
accustomed to the apparatus. It is of especial value when 
pronounced temporary variations in the metabolism are to be 
measured. 

The record of the metabolism of Cetti during a ten days’ 
fast was as follows: 


METABOLISM OF CETTI IN STARVATION 
¢ Ss 
Fastinc Days. | Protein. Fart. ato eager See ee 
Tato Anryeet: 85.88 136.72 329.8 1288.2 1618 29.00 
SHEOM OL nt ate 69.58 131.30 267.3 1237.4 1504 28.38 
TELOPM Oak covey: 66.30 149.35 254.7 1407.3 1662 31.74 
QtONtoOw 67.96 132.38 261.1 1247.4 1508 29.26 


A very careful experiment on the metabolism of a fasting 
medical student twenty-six years old was made by Johansson, 
Landergren, Sondén, and Tigerstedt.1 The man fasted five 
days, doing light work in the respiration apparatus. The 
metabolism during these days was determined. The excreta 
in grams were as follows: 


1 Landergren, Sondén, and Tigerstedt: “‘Skandin. Archiv fiir Physiologie,” 
1897, vii, 54. 
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METABOLISM OF J. A. IN STARVATION 


N ExvmanatTion. C ErminatTIon. 
DAy oF 
Fasiric | 
Urine. Feces. Total. Urine. Feces. | Respiration.| Total. 
Bens Seem eae 12.04 0.13 12.17 8.0 Ter 188.5 197.6 
PN Me eae nar nz 0.13 12.84 8.3 Ter 179.4 188.8 
Bi Merle tiae 13.48 0.13 13.61 9.9 eee D7ee2 183.2 
Dea Alene 13.56 0.13 13.69 10.3 Pace 169.4 180.8 
Bi eet Sie oat II.34 0.13 11.47 0.3 sae 165.8 176.2 


The evenness of the carbon and nitrogen elimination is 
remarkable. From the above figures the following table of 
the general metabolism is made: 


ic D Cc S 
Day or Fastinc. PROTEIN. Fart. peer Sie eed us! 
PROTEIN. Fart. 
Diss Racpondyehdegeen? eeu tis 76.1 206.1 303-5 1916.9 2220.4 
Di wins Miederw aera eau 80.3 191.6 320.5 1781.9 2102.4 
BM, Reaches cistern eee chance 85.1 181.2 330-4 1684.7 2024.1 
Ais Maen siasue sees weve 85.6 177.6 341.4 1651.9 1092.3 
Shade doit serene | cee ey | 181.2 286.1 1684.7 1970.8 


Further calculation shows the following relations between 
the weight of the individual and the calorific production: 


Day OF : WEIGHT CALORIES 
FASTING. In Kios. PER Kixo. 
T..+235 wnibebtivel eee saute etaese oh ADR ene Rae ek ea 66.99 33-15 
D ahs syaitarhuew, oo) Seale chelsea SEI ee ake eee 65.71 32.00 
Bo Slava ahha nye diate atceeteie beige oan ee Rae aad ates 64.88 31.20 
A asa io -wssavsias'aseneiigts nde hol egeh aay pet opspele mee iene beheeet 63.09 31.13 
PI Ohno tore ric Socom occ e.o1 63.13 21.03 


On the fifth day of fasting it is seen that the individual 
oxidized 71.7 grams of protein, 181.2 grams of fat, and pro- 
duced 1971 calories, or 31.23 calories per kilogram of body 
substance. This is presumably the minimum compatible 
with ordinary life. 

Reference has already been made to the notable work of 
Benedict (p. 72), “The Influence of Inanition on “Metabolism.” 
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Here in seventeen experiments on seven men the metabolism 
was determined during a fast of two days, and in one instance 
the starvation period extended over seven days. In these 
experiments the metabolism of glycogen was for the first time 
determined. Benedict’s fasting individuals were placed in a 
respiration calorimeter, and in addition to the usual routine the 
amount of oxygen consumed by them was measured. Know- 
ing the last factor, Benedict was able to calculate the amount of 
glycogen destroyed by deducting from the total oxygen intake 
the part necessary to oxidize the protein catabolized, and then, 
in the light of the knowledge of the respiratory quotient, ap- 
portioning the remainder of the oxygen to the non-protein 
carbon dioxid eliminated in such a way as to indicate the 
amounts of glycogen and fat destroyed (see p. 60). The 
heat value of the metabolism thus calculated agreed within 
% of 1 per cent. with the heat as actually measured by the 
calorimeter in which the man lived, whereas if the non- 
protein carbon of the first day had been reckoned as fat 
metabolized, as had heretofore been the custom, the discrep- 
ancy would have been as high as 5 per cent. in some in- 
stances. This shows the usefulness of a comparison of direct 
and indirect calorimetry (see p. 57). 

The results of Benedict’s experiment on an individual who 
fasted for seven days are here reproduced: 


METABOLISM OF S. A. B. DURING A SEVEN-DAY FAST. 


Grams. CALORIES. URINE. 


Day. Catcv- | Drrect- Pe RO; 
Pro- Fa Gtiyco-| LATED | Ly DE-| PER So Ratio | Ratio 
TEIN. aS GEN. FROM TER- Ke. ae N:S. |N:P20s. 


METAB.| MINED. 
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This complete and recent experiment reaffirms the princi- 
ples which have already been enunciated. Benedict found 
that the pulse-rate showed a distinct tendency to fall. In the 
above individual the average pulse-rate was 57 on the first 
fasting day and 51 on the seventh day. 

E. Voit! gives the following summary of the energy re- 
quirements during the early days of starvation in man: 

GENERAL TABLE OF STARVATION METABOLISM IN MAN 


ENERGY IN CALORIES. ; 
ro Fast. | WEIGHT. AuTHor. 
Total. Per Kg. pe ee 

iat Pees dee 70.6 2359 33-4 I112 Pettenkofer and Voit. ~ 
iL seer wes 70.4 2222 31.6 1060 =| Pettenkofer and Voit. 
TtONb rial atO420 2071 31.9 1042 Tigerstedt. 

5 eye ete 59-5 1803 31.8 1012 Zuntz and Lehmann. 
TtOn2 saree SOLO 1773 Bin 985 Zuntz and Lehmann. 


To this may be added the average results of the many 
experiments by Benedict: 
METABOLISM IN THE EARLY DAYS OF STARVATION 


ist Day. 2D Day. 3D Day. 4TH Day. 5TH Day. 
No; of experimentss. cere 18 17 9 5 2 
Average calories per kg........ 30.7 BIS. oes .O 29.6 28.5 


Average calories per se 602 tock gor 938 885 


meter surface (Meeh) 


This minimal metabolism requirement of the fasting organ- 
ism appears remarkably constant in different men. Not only 
is the total metabolism the same, but also the amounts of 
protein and fat which yield the energy are the same. This 
is shown by comparing the nitrogen excretion of the different 
fasters during the first days of fasting. These are as follows: 


Cet? Breiraaupt.’ Succt.4 pet Succr.6 
Decca th wie ares See 13-55 10,01 13.81 Vil 17.00 
PAN. 35 Aizic 12.59 9.92 I1.03 12.85 11.20 
RS ae Aaya vs events ta tcaaienene Te .c2 13.29 13.86 13.61 10.55 
Ay yokes Fd eee 12.39 12.78 12.80 13.69 10.80 
Benda sore em 10.70 10.95 12.84 11.47 II.19 
Oxoid ooaine cate Ce 9.88 10.12 ee II.OI 


1Voit, E.: ‘Zeitschrift fiir Biologie,” rgor, xli, 114. 

2Munk: “Arch. f. Path. Anat.,” 1893, cxxxi, Suppl. 25. 

3 Munk: Jbid., p. 68. 4Luciani: ‘‘Das Hungern,” 1890. 

5 Johansson, Landergren, Sondén, and Tigerstedt: ‘‘Skandin. Archiv. fiir 
Physiol.,’’ 1897, vii, 54. 

6 Freund, E. and O.: “Wiener klinische Rundschau,” 1901, xv, 91. 
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It is thus evident that if the organism has previously been well 
nourished, the fasting metabolism is remarkably even, about 
13 per cent. of the total energy being derived from protein and 
87 per cent. from fat. 

During prolonged fasting the nitrogen output sinks much 
below the figures of the earlier days. Thus a woman twenty- 
four years old averaged 4.15 gm. from the thirteenth to the 
twenty-fifth day of fasting. A girl nineteen years old whose 
esophagus had been occluded by drinking sulphuric acid ex- 
creted 2.8 grams of nitrogen on the sixteenth day of fasting. 
An invalid of Tuczec’s* averaged 4.25 grams of nitrogen 
between the fifteenth and twenty-first days. Under Luciani’s 
observation Succi excreted 4.08 grams on the twenty-ninth 
day, and under E. and O. Freund his nitrogen excretion was 
2.82 grams on the twenty-first day. The latter authors say 
that after this there was a sudden rise in the amount of nitrogen 
and chlorin in the urine, suggesting the so-called premortal 
rise, which caused them to stop the experiment. About 3 
grams of nitrogen in the urine or a daily destruction of 18.75 
grams of protein would seem to be the lowest extreme of 
protein metabolism in the emaciated organism after a pro- 
longed fast. The analyses by E. and O. Freund of Succi’s 
urine during a fast of twenty-one days was the first complete 
record of the sort. The daily nitrogen excretion is given in 
grams below: 


DAILY NITROGEN EXCRETION OF SUCCI IN STARVATION 


Day. N. Day. N. | Day. N. 
1A Ove Seren gchar NMR 17.0 By. ers revateksie misie ss OE VARIA T Seraectormesiee tet 5.05 
Libel exaree rites As Er.2 Nese etcheteas iene ae 1h POLOS NEDO sean 4 eres 4.32 
ache Lar hae Te LO: Suites TO a voter aie levee cs. Or TO WAS Y ae toe on aMduset oe 5-4 
AVN Bray iors eis eth s 10.8 TRE aa haere eters. 5 0:29" TO cede aoa eee ae 3.6 
IS eras us fs vitro os TURE QE LAs. ccclre wis stows OSA DOR es tern ceretetete 5 tres 5-7 
DOPE ec. wc Sars PEPOPUIENS et neuadtrals aes #2 SOTA) [it AC ects tears castle cer Lie 
See MS <0h.3. 5 PFs on A INL Alcrees 0h, weiss 970 2 vie AGO. Po bseot reve ae oni 2.82 


1Seegen: ‘Wiener Acad. Sitz. Ber.,” Bd. xxxiii, 2 Abth. 
2Schultzen: ‘Archiv fiir Anatomie und Physiologie,” 1863, p. 31. 
®Tuczec: “Arch. fiir Psychiatrie,” 1884, xv, 784. 
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The nitrogen and total sulphur ran together in the urine 
in the proportion of 17.3 N:15. Munk found the ratio 
S to be 14.7 in Breithaupt and 15.1 in Cetti, and Benedict 
(see p. 89) found 16.27 during the fifth, sixth, and seventh days 
of starvation. A similar relation between N and S is found 
in muscle. The sulphur is believed to be derived exclusively 
from the breaking down of protein. 

The nitrogen and total phosphoric acid (P2Os;) in the urine 
are not found in the same ratio as that in which they exist 
in meat (7.6 : 1), but there is a greater phosphoric acid excre- 
tion. This is also true of the calcium excretion. This 
greater excretion is due to the metabolism of the bones 
(Munk). E. and O. Freund found that the po; feil from 5.7 
on the first day of Succi’s starvation to between 4.2 and 4.4 
during the subsequent periods. Munk found this value to be 
4.4 in Cetti during ten days and 5.1 in Breithaupt during six 
days (consult table on p. 96). 

Albumin is of frequent occurrence in the starvation urine 
of man and animals. 


URINARY ANALYSIS OF VICTOR BEAUTE ON THE FIRST, THIRD, 
TWELFTH, AND FOURTEENTH DAYS OF FASTING. 


WEIGHT IN GRAMS. 


Day oF FASTING. 
IST. 3D. 12TH. I4TH. 
‘Total N. oi io a8 aae eee ene 10.51 T2712 8.77 7.78 
Urea Ni do.cd Sacre ees 8.96 12.20 6.62 5-09 
Ammonia sN.. cob oes eee eens 0.40 0.73 I.05 0.73 
Usriciacid N: 23... eee ee 0.12 0.06 0.17 0.17 
Parin base Nascent eee 0.029 0.032 0.023 
Créatinin No. b eee eee 0.42 0.34 0.30 0.24 
Créatin Ny.) ee eee 0.02 0.09 0.09 0.10 
Total S.i0co6 kc ae, Ae 0.614 0,801 0.577 0.536 
Total PQs)... ee 2.26 2.98 1.55 1.25 
Clits 3S) ativcns ee oe ae 3.2 £5 0.18 0.24 
Ore NE mc a eidatic ue an 0.216 eae 0.096 
Mig cis 003 ce Seiad Gee oe een itchy: 0.131 et, 0.037 
Kissa hegever ake ak eee ace a3 Sobor 0.515 
Naviecddesntidies Saracen ene aehes 0.865 ace 0.096 
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A modern chronicle of the urinary excretion during fasting 
is presented in an experiment by Cathcart! on a professional 
faster, thirty-one years old, a part of which is reproduced on 
p02. 

In this experiment the ammonia excretion rose to meet an 
accompanying acidosis. The creatinin excretion gradually fell, 
whereas the creatin excretion (see p. 211) remained quite con- 
stant. The ratio between the nitrogen and sulphur elim- 
ination averaged 15 N :1 S, or similar to the relation found 
in muscle, which is14.N:1S. The relatively large potassium 
excretion and the small sodium excretion indicated respectively 
the destruction of body tissues which are all rich in potassium 
salts and the conservation of the body’s sodium chlorid 
supply. 

A communication by Brugsch? shows that the quantities 
of B-oxybutyric acid and acetone in the urine become very 
great in extreme hunger. The experiment was also on Succi, 
between the twenty-third and the thirtieth days of starvation, 
and showed the following remarkable values: 


ACETONURIA IN STARVATION (SUCCI) 


STARVATION Day. N 1 Grams. FED apes ATONE SS 
EVES Se 3.04 Coe Rayne OF Rene re ae 5.87 9.24 0.569 
Py ale Oe a eee Ae he ee 6.41 8.43 0.410 
AGN Cod at doe 6 Ee TUE eC oe 6.27 9.85 0.463 
Fits aA ky G00 ORS ORO REE Oe 6.18 5.28 0.569 
Di A so) uta G OIG Cato a Ene hae 6.30 11.62 0.525 
THOS ea tole, by a eT OR ee eee 4.43 6.09 0.339 
AGT STAM ETE eS 7a 4 Syeh Soa. bie Fada v0 4.190 Q.15 0.242 
eA eto aoa ee ee ee ee 8.42 13.60 O.1I5 


The excretion of urea nitrogen ran between 54 and 70 per 
cent., and the ammonia nitrogen between 15.4 and 35.3 per 
cent. of the total nitrogen in the urine. The high ammonia 
neutralized the very considerable acidosis. 


1 Cathcart: ‘“Biochemische Zeitschrift,” 1907, vi, 109. ; 
2Brugsch: “Zeitschrift fiir ex. Pathologie und Therapie,” 1905, i, 4109. 
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Grafe! reports the excretion of 16.25 and 15.41 grams of 
urinary acetone bodies during the sixteenth and eighteenth 
days of fasting in a stuporous patient suffering from katatonic 
rigidity and lying in deep sleep on these days. 

Folin and Denis? have described results concerning the 
development of acidosis in two obese women, patients of Dr. 
J.H. Means.’ Mrs. M., weighing 108 kilograms, whose height 
was 149.7 cm. (4 ft. 1 in.), underwent 3 different periods of 
fasting, with the following results: 


ACIDOSIS IN OBESITY 


Day oF URINE PORY AcipiTy 

No. or Fast. Fast. N. area) Ns. owace 
Grams. Grams. Grams. Cc 
1 Eee Weeky 4 0.4 18.47 2.50 605 
1  Pecheath te e 5 5.2 13.54 1.50 655 
LUT hese nee 4 4.5 17.34 0.81 300 


Headache and nausea were present on these fourth and 
fifth days of fasting, symptoms which disappeared as if by 
magic after the patient took one piece of toast and a cup of tea. 
The authors state, ‘‘If the preceding subject was fat, our next. 
one, Mrs. B., was a veritable pork barrel.” Mrs. B. weighed 
178 kilograms and measured 163.5 cm. (5 ft., 44 in.) in height. 
She did not show the same intensity of acidosis manifested 
by the other patient, the largest quantity of 6-oxybutyric acid 
eliminated reaching only 7.2 grams on the seventh day of a 
third fasting period. From these results it was concluded 
that obesity itself was not a predisposing cause of acidosis. 
In general, it was observed that the protein metabolism was 
low in these persons in whom ample fat was present (see p. 100), 
that repeating the fast lowered the protein metabolism (see 
Hawk, p. 104), and also that repeated fastings habituated the 
organism to the complete oxidation of fats as evidenced by a 
decrease in the amount of B-oxybutyric acid eliminated on 


1Grafe: “Zeitschrift fiir physiologische Chemie,” 1910, Ixv, 21. 
? Folin and Denis: ‘Journal of Biological Chemistry,” 1915, xxi, 183. 
3 Means: “Journal of Medical Research,” 1915, xxxii, 121. 
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corresponding days of the several fasts. In this connection 
the observation of Abderhalden and Lampé,!. that fasting 
progressively increases the power of dog’s blood to split 
tributyrin, is of significance in showing adaptative power by 
the organism. Folin and Denis conclude that the method 
of repeated fasting applied to the obese is safe, harmless, and 
effective, provided the intensity of the acidosis be carefully 
followed. 

In a way the results here mentioned are all summarized in 
the extended work of Benedict? upon a subject L., who fasted 
for thirty-one days. Benedict found no evidence of any dis- 
turbance cf the higher mental functions of the subject. He 
found a lowered power of endurance during the fast, but, ac- 
cording to tests made a year later, could discover no lasting 
evil effect of the fast either upon muscular strength or mental 
activity. It is recorded that no feces were passed during the 
entire fast. 

The chart (page 96) illustrates the principal data and a table 
(page 97) is also given which shows the most important deter- 
minations made on the first, eleventh, twenty-first, and thirty- 
first days of fasting. 

The lowest average heat production of the fasting subject 
when in the bed calorimeter during the night was on the thir- 
‘tieth day, and amounted to 1025 calories calculated for a 
twenty-four-hour period, or 661 calories per square meter of 
surface (Du Bois Height-weight Formula). 

During the fast the man lost.277 grams of nitrogen from 
his body. If one may estimate with Rubner that a man under 
conditions of normal nutrition contains 30 grams of nitrogen 
per kilogram of body weight, then the original nitrogen 
content of the subject was 1788 grams. A loss of 277 grams 
would represent 16 per cent. This loss occurred during a 
period when the heat production fell from 1441 to 1025 

1 Abderhalden and Lampé: “Zeitschrift fiir physiologische Chemie,” 1912, 
Ixxviii, 398. 


2 Benedict, F. G.: “A Study of Prolonged Fasting,” Carnegie Institution 
of Washington, 1915, Publication 203. 
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METABOLISM CHART OF A MAN FASTING 31 DAYS 
APRIL 14- MAY 15, 1912 
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SUBJECT L. HEIGHT, 170.7 CM. 


TAKEN DURING THIS FAST 


97 


ONLY DISTILLED WATER WAS 


Body. weight; ke yacet chs scree « 
Rectal temperature at 7 A. M....... 
Pulse-rate, morning, awake......... 
Hemoglobin in per cent............ 
Alveolar CO: tension (Haldane)... . 
Wrme-srotalisolidswe 62.) 2. 5.ni 


Ammonia N.. 
HlOrine ve See oy tsitd ns te 


Loss of flesh calculated from N loss. 
GQ3, night, cc. per minute......5....... 
Os, night, c.c. per minute......... 
WOO tyatee saan atte ee are dels 
UOT HOUES cele lag cleney spel anbengsss ais 008 
Per cent. of calories from protein. . 
Calories, indirect, twenty-four hours’ 
COMPICLORLES Eat et esha nitincsiels 
Calories per square meter (DuBois), 
twenty-four hours. . 
Calories per kilogram, ; "twenty-four 


* Previous day = 27.8. f Previous day = 


Day oF FAstinc. 


Ist 11th 21st gist 
59.60 53-88 50.40 47-39 
ae rer 36.54 36.04 35.96 
74 61 59 60 
fore) 85 88 92 
OME Uae tain 28.7 25.Or 
43-51 42.05 31.88 27.07 
7.10 10.25 7.03 6.904 
5-68 7.66 5-54 4.84 
0.41 1.58 1.57 1.24 
0.112 0.116 0.112 0.122 
0.48 0.49 0.38 0.32 
B77, 0.36 0.18 0.13 
1.66 1.95 1.60 a2 
4.28 5.26 4.96 5.26 
0.46 0.62 0.51 0.49 
15.4 16.5 15.5 14.2 
Baro sre te 1.4 5.0 4.5 
0.217 0.220 0.237 0.138 
0.046 0.072 0.053 0.052 
1.630 1.006 0.644 0.606 
2.070 0.100 0.066 0.053 
0.820 0.936 1.083 1.062 
9-15 10.73 11.98 11.53 
213 308 238 208 
165 128 112 II5 
212 176 154 160 
0.78 0.72 0.73 0.72 
22.8 18.3 14.6 17.9 
10.6 19.6 16.5 14.4 
1441 1193 1032 10727 
843 732 653 jort 
2A soe 22.1 20.4 22.6 


calories, a reduction of 29 per cent. 
that the fall in metabolism reaches greater proportions than 
does the fall in the mass of protoplasmic tissue. 

There seems to be a specific reduction in metabolism 
coincident with undernutrition (see p. 476). 
when food was taken after the fast digestive disturbances 


zi 


1025. {Previous day = 661 


It is, therefore, evident 


Unfortunately, 
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marred the records of this subject. It would have been 
interesting to ascertain whether his metabolism on the 
second or third day of food ingestion was normal according 
to the unit of surface. 

Benedict calls attention to the fact that there is a paral- 
lelism between the amounts of magnesium and of nitrogen 
eliminated in the urine. 

The following analysis of the derivation of the source of 
the mineral constituents in the urine of Benedict’s subject L. 
may be made. Katz! reports upon the quantities of the min- 
eral constituents of human flesh, as obtained from a suicide 
on the day of death: 


MINERAL ANALYSIS OF FRESH HUMAN MUSCLE 


PARTS IN 1000 
K. Na. Fe. Cay Mg. P20. Cl. Sa 


3-20 0.80 0.15 0.075 0.212 4.68 0.70 2.08 


On this basis a calculation has been made of the mineral 
content of the “flesh” computed to have been destroyed on 
three different days in the fasting subject L., and these 
calculated values have been compared with the minerals 
actually excreted in the urines of these days. The following 
table presents these details: 


SUBJECT L. ESTIMATED SALT SUPPLY FROM “FLESH” METAB- 
OLIZED ON THE ASSUMPTION THAT THIS WAS MUSCLE 
TISSUE, COMPARED WITH THE LOSS OF SALTS IN THE URINE 


Day 
OF K. Na. Ca. Mg. | P20s. Ch Ss: 
Fast 
In 308.¢: flesh Tercera II 0.986 | 0.246 | 0.023] 0.065 1.44 0.22 0.64 
In RATATIO 3), viesaielakercver cient 1.006 0.100 0.220 0.072 1.05 0.36 0.62 
Difference. ot./csn pees —0.020 |+0.146 |—0.197 |—0.007 | —o.51 | —0.14 | +0.02 
Inieshig Lesh. tee esate 22 0.762 | 0.190 | 0.018] 0.050 T.2F 0.17 0.50 
In MEINE Sits a shastoe alee 0.643 0.066 0.237 0.053 1.60 0.18 0.51 
Difference.);./ 20... see +0.119 |-+0.124 |—0.219 | —0.003 | —0.49 | —0.01 | —o.0r 
In ZOB B. Hesl st. citekiee 31 0.665 0.166 0.016 0.044 0.07 0.15 0.43 
In UTAH C2 ssf preveiere Corefaibe ss 0.606 0.053 0.138 0.052 132 0.13 0.49 
Difference: o.. 2 scenes +0.059 |+0.113 | —0.122 |—0.008 | —0.35 | +0.02 | —o. 


1 Katz: “Pfliiger’s Archiv,” 1896, lxiii, 1. 
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It is apparent that the quantities of potassium, magnesium, 
and sulphur eliminated in the urine are essentially those which 
might have been derived from the tissue destroyed. Sodium 
is constantly retained by the organism, whereas the loss of 
calcium and PO; represents osseous destruction. Since bones 
contain 24.48 per cent. of calcium and only o.1 per cent. of 
magnesium, the loss of magnesium from this source would not 
be appreciable. 

It seems clearly evident that the urinary waste of mineral 
constituents is largely composed of metabolized muscle or 
tissue analogous in composition to muscle, and of metabolized 
bone tissue. 

It has already been set forth that the general metabolism is 
extremely even in fasting, and it may be added that existing 
evidence shows that the intermediary metabolism has a similar 
character. Thus Stiles and Lusk! found in a fasting dog made 
diabetic with phlorhizin that whereas the quantity of nitrogen 
and sugar eliminated slowly fell, the ratio between the two 
(the Dextrose : Nitrogen or D:N ratio) remained constant. 
This is shown in the following table: 


CONSTANT RATIO BETWEEN DEXTROSE PRODUCTION AND N 
ELIMINATION IN STARVATION 


PERIOD. | D per Hour. | N per Hoovr. Dis: 

SE PMULOUIT Some a poet, whet is sais ei> auoie chs 2.61 0.735 3-56 
OME shoo Ciatere Fs: sssyo.spaelayeusts ee, 0.720 
LMM eae PAE tear sialic syavsis/ute-ais mts 0.683 

fe OR ESAS ieee ea 2.30 0.666 3.60 

Toes ci vik ase lotscels 0 2.51 0.687 3-65 
(Gh EOL Rec ere Cie ois 0.670 

fa Te eis ets es capt 603 1 Ways + 1 2.36 0.643 3.66 

te || Ct ck. pe eee eae 2.33 0.642 3-62 


The hour-to-hour sugar production from protein is there- 
fore even and constantly proportional to the protein metab- 
olism. 


1Stiles and Lusk: “American Jornal of Physiology,” 1903, x, 77. 
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The length of life under the condition of starvation gen- 
erally depends upon the quantity of fat present in the organism 
at the start. The quantity of fat and protein in an animal 
at the beginning of starvation or at any time during starva- 
tion may be estimated if the day-to-day metabolism be deter- 
mined and if the whole animal be analyzed for fat and protein 
at the time of death. The sum of the quantities remaining in 
the body, and the quantity of waste of previous days, will 
give the composition of the animal at any definite date 
during the experiment. E. Voit! shows that a rabbit with an 
original fat content of 7 per cent. lived nineteen days and lost 
49 per cent. of his body protein. Another rabbit with an orig- 
inal fat content of only 2.3 per cent. lived but nine days, while 
the loss of body protein amounted to 35 per cent. At the 
death of these rabbits the amount of fat found was very small, 
and the general vitality toward the end was almost exclusively 
maintained by the combustion of protein. Other animals, 
however, which lost 22 to 26 per cent. of their protein con- 
tained considerable fat at the time of death (see table, p. 103). 
E. Voit finds that the greater the amount of fat in the body, 
the less is the protein metabolism. In animals of equal fat 
content the relation between the amount of fat and the amount 
of protein oxidized in the cells in starvation is always the same. 
When there is no fat, protein may burn exclusively. From 
this it follows that the quantity of the protein metabolism in 
starvation depends upon the amount of fat in the body. 

E. Voit? has prepared the following table from an experi- 
ment of Schéndorff? upon a fasting dog. The quotient 


N content 


Fat content gives the ratio between these two components of 
the organism at the time specified. The ratio =S Price 
gives the percentage of the total energy derived from the pro- 
tein metabolism. The dog died on the thirty-eighth day of his 


fast: 


1. Voit: “Zeitschrift fiir Biologie,” 1901, xli, 545. 
2E. Voit: Ibid., p. 520. 
3 Schéndorff: ‘Pfliiger’s Archiv,” 1897, lxvii, 430. 
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PROTEIN METABOLISM IN STARVATION AS INFLUENCED BY 
THE FAT CONTENT OF THE ANIMAL 


STRICATTON Wincor N Content | ExcreTa | ENERGY PER Seung SNOTEDN 

AY. INKe. | Far Content. | py Graus Pabendiag “ase Fe ape 

2 c REDUCED TO %. 
MSttosd.aesu) (22:4: 0.25 7.91 1040 26.5 
4th to 13th...| 20.7 0.29 5.38 974 16.2 
14th to r5th..| 109.7 0.34 5.70 959 18.1 
16th to 23d. . 18.7 0.40 5-71 044 19.1 
24th to zoth..| 17.4 0.57 5-92 919 21.3 
gist to 35th.. 16.2 0.87 6.62 gor 25.6 
Othe te ctasc S27) 1.19 7.41 889 + 29.5 
Deh Moe a5es 1.34 8.41 887 33-8 
SeiGh we See 15.2 Tes 0 8.89 881 30.6 


E. Voit finds that the amount of protein metabolism 
depends so absolutely upon the relation between the amount 
of fat and protein in the body (the A=“) that, knowing this 
ratio, he says he can estimate the relative protein metabolism. 
When the ratio rises to 4.84 in the rabbit, then 98.3 per cent. of 
the total energy may be derived from protein. Had fat still 
been present in considerable quantity the protein metabolism 
would have remained low. This is the law which governs the 
gradual rise in the protein metabolism during starvation, the 
“premortal rise” it has been termed. The increased com- 
bustion of the protein is due to the requirement for energy in 
an organism which has a constantly decreasing amount of 
fat upon which to draw. 

Zuntz! describes a dog which lived in a constant state of 
undernutrition for about a year. The energy requirement 
was as follows: 


WEIGHT, CAtorres PER 

Ke. Square METER. 
SS et aeptre Be RAIS 0 Och hac, ahs eto ee be) 931 
PEVeNLH MOL Meee ts esc otic, is.0 4.98 631 
Beli bamontinet a Wee a: comer dna aie! 4eZ g21 


Though the nitrogen in the urine was not collected, Zuntz 
considers it possible that with the utilization of body fat the 
metabolism of protein increased, and therefore the heat pro- 
duction increased (see p. 238) toward the end of life. 

1Zuntz: ‘Biochem. Zeitschr.,’’ 1913, lv, 341. 
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The actual loss of body weight is greater when protein is the 
source of energy than when the energy is derived from fat. 
The metabolism of protein in 100 grams of flesh yields only 
80 calories in contrast with 930 calories liberated when 100 
grams of fat are oxidized. To obtain equivalent amounts of 
energy there must, therefore, be a destruction of eleven and a 
half times more “flesh” by weight than fat. 

Rubner! has maintained a dog for a long period on a diet of 
fat which was sufficient in amount to cover the energy require- 
ment. The content of body nitrogen fell from 358.3 grams to 
166 grams, a loss of 53.7 per cent. Rubner finds that during 
the whole period the daily waste of nitrogen is 0.9 gram per 100 
grams contained in the body. This “wear and tear” quota is 
therefore a function of the intensity of the life processes, being 
proportional to the amount of protoplasmic material present. 

What is the cause of death from starvation? It does not 
seem to be due to an essential change in the composition of the 
cells themselves, for no chemical alteration hes been detected 
in them.2 What, then, is the cause of death? The general 
argument of E. Voit is as follows: It must be due either to a 
general failure of all the cells or injury of certain organs which 
are necessary for life. If the first cause were the true one, 
then death would take place when a certain definite percentage 
of protein loss occurred. This does not happen, since the body 
loss at the time of death may vary between 20 and 50 per cent. 


of its original protein content. When the genital organs of the . 


salmon develop at the expense of the liquefying muscle sub- 
stance brought them by the blood, not a single muscle cell of 
the fish is killed, even though these lose 55 per cent. of their 
protein in the process (Miescher). It seems extremely im- 
probable, then, that a much smaller loss of protein in starva- 
tion can be the cause of general cellular death. On the other 
hand, if death be due to the failure of certain organs especially 
important to life, the cause is to be found in two factors: 


1 Rubner: ‘Archiv fiir Hygiene,” 1908, Ixvi, 40. : 
2 Abderhalden, Bergell, and Doerpinghaus: ‘Zeitschrift fiir physiologische 
Chemie,” 1904, xli, 153. 
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Either these organs receive too little nutrition for their 
proper functioning, or they become so emaciated that they 
fail in spite of sufficient nutriment. Either the fuel is in- 
sufficient or the machine wears out. 

The following table gives some answer to this. The general 
arrangement is in the order of the greater original fat content 
of the animals: 


INFLUENCE OF FAT CONTENT ON PROTEIN METABOLISM AND 
ON LENGTH OF LIFE IN STARVATION 


i Fat in %. Loss In %. Days BE- 
ANIMAL. Veet | pore Dears AUTHOR. 
Start End. | Animal.|Body N.| VATION. 

[Doge pete. 20.64 | I9 12 28 22 30 Falk. 
Lh, | ae a 1.95 | 26 5 42 26 35 Schmanski. 
Guinea-pig...... 0.67 | 16 Io 38 26 se) Rubner. 
Doers. doe 423.05, ||. 12 eG? || ee 35 38 Sch6éndorff. 
PSII aco ake <: 1.00 9.1 OF) | 30 ey) 12 Kuckein. 
Rabbits. ....:.-. vast 71 0.4 | 49 40 19 Rubner. 
Babbit 7.3 cys... 2.53 6.3 0.5 | 44 40 I9 Koll. 
Rabbpiterey. ae 2.34 6.3 0.5 | 41 45 19 Rubner. 
OWL itor 4 oje-c 0.2 1.89 2.7 o7 | 34 41 9 Kuckein. 
BADE oe: 2.08 2.3 Od 35 38 8 Kaufman. 
Rabbi wa <2 2.99 2.3 o3 | 32 35 re) Rubner. 


In the first three animals a large amount of fat was present 
at the time of death, and this had prevented a great tissue 
waste. Abundant food was therefore available for the cells. 
The cause of death seems, therefore, to be due to a reduction 
of activity in one or more organs important for life. 

Again, if the protein loss be kept down by administering 
protein in quantity insufficient for the heating demands of the 
organism, the animal is kept living largely on his own fat. 
Schulz! in this way kept two dogs alive for twenty-eight and 
thirty-eight days, with losses of body nitrogen amounting to 
only 18 and 7 per cent. of the original quantity. The fat 
present was only 0.4 to 0.5 per cent. at the end. These dogs 
certainly suffered from no general loss of cell tissue. E. Voit 


concludes that death from starvation is primarily due to loss of 
1Schulz: “Pfliiger’s Archiv,” 1899, Ixxvi, 379. 
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substance in organs important to life, but it may also ensue under 
certain circumstances as a result of deficient nutrition to these 
organs. 

Schulz! and his pupils let a dog which was fat and well 
nourished fast for twenty-seven days. On the twenty-fifth day 
the animal manifested weakness, which, on the twenty-seventh 
day, appeared to threaten its life. Then for a day 400 c.c. of 
milk were given to the dog and on four subsequent days 300 
grams of meat each day. Although these quantities of food 
were greatly under the quantity required to maintain the dog 
without loss of body fat, still the animal recovered its strength, 
added 7.3 grams of protein nitrogen to its body, and then lived 
during a second period of sixty-one days of starvation. Dur- 
ing this second fasting period the protein metabolism was on a 
much lower level than during the first period. ‘Schulz notices 
that when the fasting dog still contains considerable fat, 
protein in the food is readily retained, even though the content 
of energy ingested be under the body’s needs. When, how- 
ever, the body fat is nearly exhausted, all the ingested protein 
and some body protein besides is destroyed to provide for the 
support of the organism. Schulz concluded that death from 
starvation is due to autotoxemia, a condition which was 
relieved in the fasting experiment mentioned above by the 
ingestion of meat. 

On the basis of their experiments Howe and Hawk? 
conclude that a “repeated fast” is accompanied by less protein 
loss from the body than an original fast. Thus, in one dog 
weighing originally 3.4 kilograms, death was threatened after 
15 days of fasting, the loss of body weight having been 45.8. 
per cent. The animal was then given food for forty-seven 
days and brought back to the original weight, after which it 
fasted again and lost 46.8 per cent. in weight during thirty 
days. During the first fast the daily loss of body nitrogen 
was 2.3 grams and during the second, 1.31 grams. 


1Schulz: ‘‘Pfliiger’s Archiv,” 1906, cxiv, 419-462. 
2 Howe and Hawk: “Journal of the American Chemical Society,” 1911, 
XXxili, 253. ; 
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The question of what organs are attacked in starvation has 
attracted attention. Long ago Voit! showed that the muscles 
of a cat which starved thirteen days lost 30 per cent., while 
heart, brain, and cord lost 3 per cent. only. In normally 
nourished animals E. Voit finds that the relative weights of 
the fat-free organs in animals of the same species are very 
constant. He? uses Kumagawa’s’ results to show what 
percentage the different organs represent in the fat-free 
organism of a dog before and after a twenty-four-day fast. 
The third column represents the precentage loss of the fat-free 
organ in starvation: 


LOSS IN WEIGHT OF DIFFERENT ORGANS DURING STARVATION 


FAT-FREE ANIMAL CONTAINS IN FRreEsH FAT-FREE 
PERCENTAGE OF WEIGHT. OrGAN LosEs IN 
ORGAN. NS Se oe Re SOS A Sree PERCENTAGE 

WEIGHT DuRING A 

Well Nourished. Starvation. 24 Days’ Fast. 
WK ELCLOM tara ciatse\s akeai2 os 14.78 21.50 5 
Seti ares ohn dettoc aaa 10.30 11.29 28 
INU yjel Fs ae Bau 48.39 42 
BralInea na COLG ser. «,0.6.- 0.94 1 22 
VESTA saith cis) cess hes O.11 0.16 B 
TCATUR MES Sore ete iche Fis c's 0.54 0.69 16 
ibdboo’ak, Wea ie ree ene 7.14 5-69 48 
SS leet eee cioct perera se ws 0.39 0.26 57 
IGM An Be tote 3.98 3.05 50 
WE RUCPCAS tetas ciciete as,» if 0.33 0.19 62 
MTGE VE ment tes etenciers 4-3)’. 0.66 0.45 55 
Genitalsie ca ter esckesie ns 0.30 0.23 40 
Stomach and intestine. . . 5-81 6.02 32 
heen atria ers olosecca, » 0.89 0.97 20 


It is apparent that the greatest loss is from the glands and the 

least from the skeleton. The activity of the glands is greatly 

reduced in starvation. Luciani found that there was no 

gastric juice formed during Succi’s thirty-day fast, but Langley 

and Edkins‘ find pepsinogen stored within the cells of a cat’s 

gastric glands. The bile flow continues up to the death of the 
1Voit: ‘Zeitschrift fiir pacise eT SOO, Ana Sas 


2E. Voit: Ibid., 1905, xlvi, 19 
’ Kumagawa: “Aus den Mitthel. d. med. Fakultat der kais. Japan. Univ.,’ 


Tokio, 1894, iii, 11. 
4Langley and Edkins: “ Journal of Physiology,” 1886, vii, 371. 
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person, but in diminished quantity, corresponding to the lack 
of food and the decreasing size of the liver. The writer! has 
noticed a great reduction in the activity of the milk secretion 
in starving goats, there being a permanent cessation of flow 
after five days. The percentage of fat increases in the milk, 
as it does in the blood, liver, and other organs.2. The fasting 
organs attract fat from the fat deposits of the body, and it is 
brought to them by the circulating blood. Glucose is present 
in the blood up to the last day of life, having its probable 
origin in a constant production of sugar in protein metabolism. 
The composition of the plasma of the blood in fasting, as re- 
gards its protein constituents, varies slightly from the normal. 
Lewinski’ gives the following comparative analyses of blood- 
plasma of dogs: 


100 C.C. BLOOD-PLASMA CONTAIN OF GRAMS N: 


Torat. ALBUMIN. | GLOBULIN. ae 

Pasting sacar cece se SOLS 0.621 0.257 0.057 

Dog Tam Ped sa3s.0 ae ate ee Ser 0.511 0.240 0.080 
Norte Fasting -< soa 0.921 0.313 0.544 0.064 
On ed 2% oii eae tes eee 2 0.515 0.423 0.124 
Fasting sn ee 1.010 0.467 0.450 0.093 

Dogi Ll ss+ Ped. .ct nies tee eee a OLOi7u7, 0.475 0.402 0.100 
Fasting 73) .c 04000 eat el-000 0.554 0.443 0.099 

Fasting atau. cerca 1.052 0.530 0.324 0.192 

Dog IV... Ped. 5h ccc eee) POL OTT 0.542 0.248 0.087 


The only constant change seems to be a slight increase of 
globulin during fasting. Burckhardt believes this to be due to 
the passage of globulins from the tissues to the blood. Robert- 
son‘ reports that in the fasting dog and cat the globulins tend 
to increase in the blood, whereas in the rabbit, ox, and horse 
the albumins increase. The percentage of hemoglobin and the 
number of blood-corpuscles are not appreciably affected. 
It is evident, then, that the blood in starvation retains the 

1 Lusk: Voit’ s Festschrift, ‘Zeitschrift fiir Biologie,” 1901, xlii, 41. 
2 Rosenfeld, ‘‘ Ergebnisse ‘der Physiologie,” 1903, li, I, 50. 


3 Lewinski: “ Pfliiger’s Archiv,” 1903, c, 631. 
4 Robertson: ‘Journal of Biological Chemistry,” 1912, xiii, 325. 
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normal composition as regards its nutrient materials, except 
that it carries fat in increased quantity to the cells. In gen- 
eral the cells are well nourished for the ordinary maintenance 
of the life functions. Hence the appetite is not an expression of 
general cellular hunger, but rather the result of a local condi- 
tion of the gastro-intestinal canal, which stimulates the in- 
dividual to replenishment. 

The glycogen of an animal is greatly reduced during star- 
vation, but after seventy-three days it is not entirely removed.! 
Prausnitz? reports that a dog weighing 22 kilograms, after 
fasting for twelve days and after excreting 287 grams of sugar 
in the urine as the result of phlorhizin injections, still contained 
25 grams of glycogen in his body. The writer* has found 0.4 
gram of glycogen in the liver of a meat-fed phlorhizinized 
dog after eleven days of diabetes and an excretion of over 600 
grams of sugar. Exercise will greatly reduce the glycogen 
content, but the only method of completely freeing the 
organism of glycogen is by tetanus. Zuntz® rid a rabbit of 
glycogen by strychnin convulsions and then kept the rabbit 
fasting and under the influence of chloral for 119 hours. Dur- 
ing this time 5.25 grams of sugar were excreted in the urine, and 
yet 1.286 grams of glycogen were found in the liver and muscles. 
This must have gradually arisen from the protein metabolism. 
The writer® made an observation that in a fasting diabetic 
rabbit tetanus produced an extra elimination of sugar in the 
urine of 1.1 grams, which undoubtedly was derived from 
the glycogen content of the organism (see p. 458). The 
quantity eliminated corresponded to the amount found as 
glycogen by Zuntz, as above mentioned. 

There now remains a discussion of the influence of work 
and of change in temperature upon the fasting organism. 

1Pfliiger: ‘“‘Pfliiger’s Archiv,” 1907, cxix, 119. 

2Prausnitz: ‘Zeitschrift fir Biologie,” 1892, xxix, 168. 

3 Reilly, Nolan, and Lusk: “American Jour. of Physiol.,” 1808, i, 397. 


4 Kiilz: Ludwig’s Festschrift, 1891, p. 1190 
.) oie Verhandl. der physiol. Ges. zu Berlin, “Arch, fiir Physiol.,” 1893, 


jee 
; Tusk: “Zeitschrift fiir Biologie,’ 1898, xxxvi, 111. 
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Frentzel' has shown the effect of external work upon the 
protein metabolism of fasting dogs. One of the dogs did an 
amount of work corresponding to 216,937 kilogrammeters in 
three days. The protein metabolism rose during the working 
hours and continued high on the last day, which was one of 
complete rest. Frentzel computes that the nitrogen elimina- 
tion of the last four days (= 20.7 grams) represents an energy 
equivalent of 220,300 kilogrammeters. This could not cover 
the work done by the dog if we add to the measured work that 
which was done by the heart and respiratory muscles. The 
protein metabolism of four days is therefore entirely insufficient 
to cover the work done during three. The source of the 
energy for the work accomplished must be found in an in- 
creased metabolism of fat. The increase in protein metabo- 
lism above that of rest was not sufficient to supply 7 per cent. 
of the energy needed to do the work. The record of the ihe s 
nitrogen metabolism is as follows: 


INFLUENCE OF WORK ON THE N METABOLISM OF FASTING 


DOGS 
Grams oF N ExcrETED. 
Day. a Mop Foon. 
Per Day. | Per Hour. 
TSstito. athe aac eee Rest. |1oog. lard 
SEH Ae 8 5 or eS mop tetn cae te ieee aes Rest. |1roog. “ 3.13 0.1304 
6th, Sere en oe eee Rest. |roog. “ 3.52 0.1467 
mth. 2 5. See soa hiee Aeon Rest. Fasting. 3.91 0.1546 
eee a eR eRe aw aya coin: Rest. oe 3.99 0.1663 2 
tc °. 3680 
Oth sis cacncaulne sere ere Work. 4.97 1837} 
LOth’ ..::.c o5 toca eee Work. ie tas 5-02 . 1960 
““ 0.2400 
DEC... ssciats sree a ee Rr ete ee Work. 5.63 0.2335t 
TOth.3).:: sees eda eens Rest. e 5.08 0.2117 
* Work. Tt Rest. 


Succi did not show a similar rise of protein metabolism 
from the effect of work. The eleventh day of his fast he spent 
1Frentzel: “Pfliiger’s Archiv,” 1897, lxvili, 212. 
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in bed. On the twelfth day he rode a horse for an hour and 
forty minutes, raced for eight minutes with some students, and 
gave an exhibition of fencing in the evening. During the day 
he walked 19,900 steps. The urinary nitrogen on the eleventh 
day (rest) was 7.88 grams; on the twelfth (work), 7.16; and 
on the days following 3.50, 5.33, 5.14, 5.05. The work done 
was evidently at the expense of increased metabolism of fat. 
That this is the case had already been demonstrated by 
Pettenkofer and Voit.1. A fasting man at work showed no 
increase in his protein metabolism, but the quantity of fat 
burned rose enormously. This is shown by the following 
comparison of the number of grams of fat burned: 


Day NIGHT. 


8 A. M. to 8 P. M. 8p.m.to8 A.M. 
OM OMIIOR GRY eters asa ld sigeh shoes 116 gm. 94 gm. 
Work during nine hours of day period.. 312 gm. 70 gm. 


The fat metabolism during the day of work is two-and-a- 
half times that of the resting day, and is presumably the source 
of the energy for the mechanical work accomplished. During 
the night following the working day the reduction of fat 
combustion as compared with the night before is due to more 
profound sleep. 

Another phase of the effect of work is shown in the variation 
between the day and night metabolism of Tigerstedt’s fasting 
medical student, J. A. The average carbon dioxid excretion in 
grams for two-hour periods during five days of fasting was as 
follows. The figures showing the elimination during the hours 
of sleep are printed in black: 

A.M. P.M. 


PIMC Meee feos ties Suaxkns ole!s Io-12 12-2 2-4 4-6 6-8 8-10 10-12 
Carbon dioxid (grams).... 54.8 57-2 54.1 57-8 59-5 66.4 46.5 


A. M. 
PM PREG PN ace va sia inserevel soe I2-2' 2-4 4-6 6-8 
bean dioxid (grams)... 06.0%... 37-5 39-1 40.7 68.6 


1 Pettenkofer and Voit: ‘Zeitschrift fiir Biologie,” 1866, ii, 459; C. Voit: 
Tbid., 1878, xiv, 144. 
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The nitrogen of the urine was also less during sleep than 
during the waking hours: 


N In THE URINE. 


Fastinc Day. : 
Day, Spans 
TSU as ecehein Whee Tees ene te ones apap poate epeee eats ca fi 4.903 
P16 Nae! eh eA Rt Prana Net Rea 6.87 5.85 
BOL avec octets ovata the TEP teen ere omrene her NG 6.83 6.65 
Pia ede Geena rm res CNG. A ec fot ake ys xh Se 7.91 5.65 
Sthzjeoete tte Mela eee F< Re 6.36 4.98 


Johansson! finds that the inequality of night and day 
metabolism depends on muscular work. Sitting up raises the 
metabolism, and standing does so still more. Even when one 
lies in bed, restlessness during the day may increase the 
metabolism. Zuntz? was the first to mention the condition 
of absolute muscular rest aS significant. Even when perfect 
muscular relaxation ensues there may still be influences, such 
as light on the retina or sounds, which may act reflexly on the 
organism and slightly increase the metabolism. Johansson 
illustrated these variations in the following comparisons 
between night and day excretion of carbon dioxid of starving 
men, the night CO, being figured at 100: 


NicHt COz. | Day COs. AUTHOR. 
Complete muscular rest........... 100 105. =| Johansson. 
Ordinary Test-inj beds een 100 110 | Johansson. 
Ordinary life (no hard work)...... 100 142 ~=‘|Tigerstedt. 
sc HS - Sec mre 3 100 128 |Pettenkoferand Voit.- 
of - = BO sc I00 147 ‘| Tigerstedt. 


Johansson agrees with Tigerstedt that the minimum 
metabolism of a man in bed is represented by 24 to 25 calories 
per kilogram daily, and results obtained by Zuntz,. Loewy, 
and others lead to the same conclusion.? 

‘ Johansson: “Skan. Archiv fiir Physiologie,’ 1898, viii, 109. 


> Lehmann and Zuntz: ‘“Virchow’s Archiv,” 1893, cxxxi, Supplement, 26. 
* Tigerstedt: ‘“Skan. Archiv fiir Physiologie,” 1910, xxiii, 302. 
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The temperature of the fasting organism is usually normal. 
Luciani found a normal temperature in Succi during his thirty- 


30 


RESS*. aaa re 
POSSSS Shes -—- oe EN 
SRR Se Seen eee eseRer, 
Bae ee CP er rh Eaerer rh 

mis ERS aR 
SE aes 


SRR Rae 
0 CREE See eee eeeRer ae 
i Wane 
Sleep 


Fig. 5—Curve of carbon dioxid elimination compared with Jiirgensen’s 
curve of normal diurnal temperature variation. This individual led a normal 
life and partook of his usual nourishment. 


day fast. The temperature falls only a few days before death. 
Sondén and Tigerstedt! find that the diurnal variations persist 
1 Sondén and Tigerstedt: ‘‘Skan. Archiv fiir Physiologie,” 1895, vi, 136. 
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during fasting in their ordinary rhythm. The average 
temperature of the medical student J. A. during his five-day 
fast was but 0.16 degree below his normal temperature when 
food was allowed him. These diurnal variations are exactly 
concomitant with the fluctuations of carbon dioxid excretion 
noted on a previous page. When the carbon dioxid produc- 
tion increases, the temperature rises. 


BOA BE Sie as =m ie 
209 PEC CET eee ECR 
ERamRa ae 


is 
POEs fa al sale 
SSSR S0S00000-SeneS5=e=65 Verb 
PERE CE REE BCE 
SEREDCR SOREN oUOe 
BCE EE ete tele oie ae oda 
SEBSUESOSUERASNN IC STC 


My ight wae “Night 


Fig. 6.—Carbon dioxid elimination and body temperature in fasting and com- 
plete muscular rest. 


This parallelism may be easily shown by comparing the 
two factors in the chart (Fig. 5) as given by Sondén and 
Tigerstedt.1_ Furthermore, the diurnal variations tend to 
disappear if the person be kept in a state of muscular rest, so 


1 Sondén and Tigerstedt: Jbid., p. 132. 
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that the output of energy during the day and the night re- 
mains the same. In this state the temperature may fall 0.6 
degree below the normal on account of the absence of muscle 
movement. ‘This regularity of temperature and metabolism 
is beautifully shown in Fig. 6 taken from Johansson. 

Inversion of the normal routine of life, so that one sleeps in 
the daytime and is awake and active at night, brings about an 
inversion of the curve of body temperature. This is well 
shown in the monkey.? 

Benedict,* however, was unable to obtain any inversion of 
the curve of normal body temperature in men who worked 
during the night and slept during the day. 

Gibson‘ traveled half-way round the world in making a 
trip from New Haven, Connecticut, to Manila, and then re- 
turned. He found that the rhythm of daily variation was 
dependent on the time of the solar day and was independent of 
the part of the world in which he happened to be. 


lJohansson: Loc. cit., p. 142. 

2 Galbraith and Simpson: Proceedings of the Physiological Society, “Jour. 
of Phys.,” 1904, Xxx, Pp. Xx. 

3 Benedict: “Amer. Jour. of Phys.,’”’ 1904, xi, 145. 

4 Gibson: “Amer. Jour. of Med. Sci.,” 1905, cxxix, 1049. 
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CHAPTER IV 


THE REGULATION OF TEMPERATURE 


Ir has been seen that the temperature of a warm-blooded 
animal is maintained at the normal throughout a fast. Not 
only this, but it is maintained at the same level, even though 
the temperature of the outside environment vary from o° C. and 
lower to 30°.to 35°C. In cold-blooded animals the temperature 
of the body is only slightly higher than that of their environ- 
ment at the time. The metabolism of such animals varies 
with the temperature. The frog in the mud during the winter 
at a temperature of 4° C. has quite a different metabolism 
from that which he enjoys during the summer sunshine as he 
sits on the river-bank or snaps at passing flies. The curve of 
his carbon dioxid elimination at various temperatures has been 
made by E. Voit from the analyses of H. Schulz," and is 
given below: 

COk inmg. 


per hg. of 
er ES 


rh 
HEB 
CCC / 


500; 


Temp. 
Fig. 7—CO, in milligrams per hour per kg. frog. 


Krogh? finds that the rise in the metabolism of the normal 


frog which appears at 20° C. does not show as sharp an ascent 
1Schulz: ‘‘Pfliiger’s Archiv,” 1877, xiv, 78. 
2 Krogh: “Internat. Zeitschr. f. physik.-chem. Biologie,” 1914, 1, 492. 
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in narcotized animals, indicating that in the normal frog ner- 
vous influences which produce tone begin to make themselves 
felt at this temperature. 

Rohrig and Zuntz! first showed that a curarized mammal 
at ordinary room temperature lost the power of maintaining 
its body temperature, and the intensity of its metabolism 
decreased accordingly. Curare prevents the transmission of 
motor impulses to voluntary muscles. 

Krogh states that the curve of oxygen absorption as in- 
fluenced by body temperature is the same in the anesthetized 


cc O2 per 
minute 


12 


14° 20° 30° 40° 


Fig. 8.—Curve of metabolism of a curarized dog subjected to different tem- 
peratures (after Krogh). 


frog and fish as in the curarized dog. One of Krogh’s curves 
which is given here shows a sixfold increase of oxygen ab- 
sorption in the curarized dog, indicated by a rise from 2.1 c.c. 
per minute at a body temperature of 14° C. to 13 c.c. per 
minute when the body temperature reached 37.2° C. 
If the sciatic nerves of a curarized dog be severed, Mans- 
field and Lukacs? found that the heat production falls 10 or 15 
per cent., but if the sympathetic nerves had previously been 
severed, cutting the sciatic was without influence upon 


1 Rohrig and Zuntz: “Pfliiger’s Archiv,” 1871, iv, 57. 
2 Mansfield and Lukdcs: ‘‘Pfliiger’s Archiv,” 1915, clxi, 467. 
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metabolism. From this they conclude that in the curarized 
animal sympathetic nerves carry impulses which produce 
tone in muscles. 

The reduction in activity which accompanies reduced body 
temperature is exemplified by the fact that a cat whose tem- 
perature has been artificially reduced to 19° C. may have but 
one heart-beat per minute.!' At the time of hibernation the 
marmot lives at the expense of fat. The metabolism may 
correspond to only one-thirtieth the amount of energy used 
during the period of activity.” 

Henriques’ reports concerning the metabolism of a hedge- 
hog awakening from the winter sleep. The animal weighed 
660 grams. Tracheotomy was performed and the respiratory 
exchange determined during half-hour periods with five-minute 
intervals between periods, by the Zuntz method. The animal’s 
body temperature was 6.5° C. in the rectum at the start, and 
the room temperature was 13° C. The. animal remained 
quiet except for characteristic muscle movements resembling 
shivering which always accompany the awakening of hibernat- 
ing animals. 

The results were as follows: 


PERIOD. 
Re Ques atu: ie Wea ACO 
Oxygen, c.c.,hourandkg.. 3 
Rectal temperature at end 7 


I. I. IV. v. 
2 0.70 0.72 0.71 0.70 

5 334 851 1983 2083 

a 0.0> ) 10378 Kaen 26.6° C, 

Contrary to other authors, Henriques concludes that the 
awakening from winter sleep is usually at the expense of fat 
and not of carbohydrate. 

During the entire period 2.21 liters of oxygen were ab- 
sorbed by the animal. If this had been used for the oxidation 
of fat the heat produced would have been 10.40 calories (2.21 X 
4.7 cals., see p. 61). At the conclusion of the experiment the 
animal was killed and placed in an ice calorimeter. It was 
found that the whole animal gave off 13.41 calories. At the 

1 Simpson and Herring: “Journal of Physiology,” 1905, xxxii, 305. 


* Regnault and Reiset: ‘Annales de chem. et de physic,” 1849, xxvi, 299. 
3 Henriques: ‘‘Skan. Archiv f. Physiol.,” 1911, xxv, 15. 
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beginning of the experiment when the rectal temperature was 
6.5° C. the hedgehog contained 3.56 calories (6.5° C. X 660 
grams X 0.83 factor for specific heat of body). Therefore 9.85 
calories were added to the body during the period of awaken- 
ing, and these could have been obtained from the 10.40 calories 
derived from oxidation of fat and still leave a surplus of 0.55 
calorie for loss of heat through radiation and conduction during 
the period when the body temperature was above the temper- 
ature of the environment. It should be remembered, how- 
ever, that during the earlier periods of low body temperature 
the organism must have gained heat from its environment. 
E. Voit! has drawn attention to the fact that a curve of 
increasing metabolism with increasing temperature corresponds 
to the increasing ability of muscle to contract, and to the 
increasing effectiveness of enzymotic activity. A high tem- 
perature is necessary for the irritability and activity of pro- 
toplasm. The warmth of the sunshine increases the irri- 
tability of the protoplasm of the tree in the spring, with the 
resulting development of the foliage. Warmth, however, is 
not the cause of the metabolism, but only one of the conditions for 
it. In warm-blooded animals the temperature is maintained 
at a constant level independent of climatic conditions, and 
this level is a favorable one for the activity of nerve and muscle. 
It would indeed be inconvenient were the active life of a man 
dependent upon the temperature of his environment. The 
essential mechanism for the regulation of the body temper- 
ature is nervous. The action of cold on the skin may stim- 
ulate its peripheral nerve-endings, which are sensitive to 
cold, and reflexly effect in the organism a greater heat pro- 
duction and a vasoconstriction of peripheral blood-vessels; 
the action of heat, on the contrary, effects vasodilatation and 
production of sweat. It is believed that the cold-blooded 
progenitors of warm-blooded animals changed their habitat 
from the sea to the land at a tropical temperature which is at 
present possessed by their descendants. In the course of 


1. Voit: “Sitzungsber. der Ges. fiir Morph. und Physiol.,” 1896, Heft III. 
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development these animals acquired the power to maintain 
that ancestral temperature which proved favorable for the 
activity of their body substance. The nervous mechanism 
through which this is accomplished is twofold: First, there is 
an increased production of heat in the presence of external 
cold (the chemical regulation of temperature); and, second, 
variations in the quantity of blood supplied to the skin modify 
loss of heat by radiation and conduction, and variations in the 
amount of sweat modify the loss of heat by evaporation of 
water (these are the factors of the physical regulation of tem- 
perature). The great importance of these two controlling 
influences will be seen as the subject develops. 

If the body were a mass of cells having the shape of a ball 
with a constant heat production in its center, it would be easy 
to calculate its temperature in the different zones of the inte- 
rior. The loss of heat from the surface would obviously be 
equal to the heat production if the temperature of the various 
zones continued constant. 

If two balls of the same material, but of unequal size, were 
equally warm, the smaller would cool more quickly than the 
larger on account of the relatively greater exposed surface 
from which heat could be discharged. The heat elimination 
would be proportional to the surface exposed. 

To determine the surface of geometrically similar solids, 
and hence of animals of similar shapes, the following formula 
was used by Meeh,! in which S = surface and V = volume: 


eens Pane 


Vz V 
Since animals contain the same materials, one may substi- 
tute W = weight for V. 
Then the value of aa may be empirically determined 


for each shape or animal, and this value = k. Hence the 
formula would read: 


Die =kP/w | 
Ween = kw 


1Meeh: “Zeitschrift fiir Biologie,” 1879, xv, 425. 
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The value of k or the constant in the relationship of weight 
in kilograms to surface in square meters in each animal has 
been given by Rubner as follows: 


PVE ain Sov aiskes aaiay etal aie yay ctn AIM ae RA teatro, eBid nakeoite ie he es uae} 
DGG. eta re hepenaeiay era taeteratrert feiheketeanars < Sino a Ses eos II.2-10.3 
RAD DICA thse ents roe WAS Mee eins Mate nin pein eet: 12.9-12.0 
Ra POL CWLEROUL CATS) in cguceh teamed ae ve ie nee tine 10.8 
LEE Lie ain Ai ree Ee ae Se ilar oe Re i a Nie i 10.5 
NCEP ee Hite e eserettss epee ses Fie Sse intes ones ists Sudesh 12.1 
(GAS, b.che Bea IRE BEIGE ORNS CIOS rR oe Br 9.9 
Tidts, see Th cabs ha Ree eee ae Pa Pa a el ce et bee ek 8.7 
( ORTATCE Eo) Cn arate ree REREAD Ahk RE nee Ses ee epee Renee 8.5 
LEROT CHIL, AP RS ent oe ts ent ee a a 10.4 
ER DMM eer eta aicele ous RRR oo Meas eave ct suai 2 taku ees Q.I 
UM TTU ONT HO) CRA Genk Babe SEN AL eerhs iL Sty Seem aa EI Dad II.4 


To compute the body surface of a man, for example, the 
formula 12. 3 (body-weight)? would be employed. 

The use of the above formula rendered possible the calcu- 
lation of the heat elimination per unit of area in fasting animals 
during periods of twenty-four hours when the temperature of 
the environment is 15° C. and when moderate voluntary move- 
ments are permitted. When the subjects have been previously 
well fed, and are not emaciated, there is a surprising uniformity 
of result. It is Rubner’s law that the metabolism is pro- 
portional to the superficial area of an animal. 

Erwin Voit! has calculated the following general table 
showing the heat production in resting animals of various sizes 
at medium temperatures of the environment: 


CaALortIEs PRODUCED 
Weight in Kg. Per Kilo. Per Sq. M. Surface. 


HIOISO Mie at orersseers, 3 tio eee eee 441 LL. 048 
Ligh Ghds a Sa SCR MRE tee Frat re Leo 19.1 1078 
VL Adam ieee che on ct orctunoneyatte ret an tives ~ 64.3 32.1 1042 
WO emars ways ecg e Save a tysterelerest Tiee2 51.5 1039 
RAIS Ditwant) phic Sou. acini aree ee 2.3 TAeh 776 
CEGTORTES 5 8 ort ates eee RON eee EE ale 66.7 969 
CNW dnraPmeeite Setsccrattrens, cicrety otass ofriors 2.0 71.0 043 
PeTotisiramere st iter te oe Sto, eared ater sec 0.018 212.0 1188 
Rabbit? (without ears)........... 2.3 75.1 O17 


The universality of this law of Rubner’s is remarkable. 
Even at a room temperature of 30° C. where all thermal influ- 


1. Voit: “Zeitschrift fiir Biologie,” 1901, xli, 120. 
2Rubner: ‘Energiegesetze,” 1902, p. 282. 
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ence is removed, two guinea-pigs of different sizes will produce 
heat in proportion to their surface. In this case there is a 
minimum of heat production determined for the resting organ- 
ism according to the law of superficial area. 

When this discovery was first made, the interpretation was 
offered that the variation in the metabolism of different animals 
in proportion to the skin area was due to the “chemical 
regulation” brought about by the specific sensory influences 
of cold proceeding from a definite area of surface. Before 
this Regnault and Reiset had noted that the heat production 
of sparrows per unit of weight was tenfold that of fowls, a 
phenomenon which they asserted was due to the fact that the 
smaller animals present a relatively larger surface to the 
surrounding air and thereby experience a considerable chilling, 
with the consequent generation of sufficient heat to maintain 
the normal body temperature. This explanation fell when 
Rubner discovered that at a temperature of 30° C., under 
which condition all thermal stimulus to the organism ceased, 
two guinea-pigs of different sizes still produced heat in propor- 
tion to their skin areas. A similar fact was noted by Frank 
and Voit,! who found that the administration of curare, which 
paralyzes the voluntary muscles, scarcely affected the carbon 
dioxid output of a dog as compared with what was eliminated 
during ordinary muscular rest, provided the temperature of 
the animal was maintained at the normal by keeping him in 
a warmed chamber. The mass of living cells preserved the 
same metabolism as before, even though a pathway of heat 
increase had been cut off through paralysis by curare of the 
motor nerve-endings in the muscles. Keeping the animal in a 
warmed chamber was necessary in this case, for R6hrig and 
Zuntz? had shown that curarized animals at the ordinary room 
temperature lost the power of maintaining their body tem- 
perature and that their metabolism decreased accordingly. 
The removal of the chemical regulation caused a behavior 


1 Frank and Voit: “Zeitschrift fiir Biologie,” 1901, xlii, 309. 
? Rohrig and Zuntz: ‘Pfliiger’s Archiv,” 1871, iv, 57. 
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toward external temperature similar to that of cold-blooded 
animals. 

Although the effect of cold on the skin (inducing chemical 
regulation) is of itself demonstrably insufficient to account 
for the “law of skin area,” Rubner! argues that even at 30° 
C., when the body is losing heat by means of the dilatation of 
the blood-vessels and the evaporation of water (physical reg- 
ulation), the law is still a necessity if the general mechanism 
for loss of heat in the various animals is the same in all. An 
infant produces go calories per kilogram in twenty-four hours; 
an adult, 32 calories. Were the metabolism of an adult 90 
calories per kilogram, the means of heat elimination through 
his comparatively smaller surface would have to be materially 
modified if a normal temperature were to be maintained with 
comfort. 

Further analysis showed Rubner® that this evenness of 
heat production per unit of body surface was not due to any 
relation between the area of body surface and the area of cell 
surface within the organism. 

Rubner estimates that a man weighing 60 kilograms con- 
tains 37.8 kilograms of cell mass, of which 4o per cent. is in 
muscle tissue, and that while the absorptive surface of the 
intestinal tract is 1.5 square meters, the surface area of the 
body cells amounts to 9014 square meters (2.2 acres). There 
are in 1 kilogram of body weight of man 150.2 square meters 
of such surface, and each square meter of cell surface produces 
at least o.2 calorie per day. In the newborn mouse each 
square meter of cell surface produces eleven times this 
amount, or 2.2 calories. It is of interest, also, to note that a 
kilogram of yeast cells presents a surface area of 600 square 
meters and at a temperature of 38° C., or that at which mam- 
malian cells exist, 1.25 calories per square meter of surface 
are produced in twenty-four hours, 8.34 grams of cane-sugar 
undergoing inversion and fermentation during that interval. 


1 Rubner: ‘“‘Energiegesetze,” 1902, p. 174. 
2Rubner: “Archiv fiir Physiologie,” 1913, p. 240. 
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This reaction is independent of the strength of. the sugar 
solution within the wide limits of 2.5 to 20 per cent. If the 
strength of the solution be at the maximum of normal reac- 
tion, or 20 per cent., the quantity of sugar utilized in twenty- 
four hours would be contained in a film yj millimeter in 
thickness surrounding the cells. A like analysis shows that 
in man, whose cells are bathed in a medium containing o.1 per 
cent. of sugar, the quantity necessary for the support of life 
during one day would be contained in a layer which if spread 
around the cell would be 735 millimeter in thickness. 

From the calculation of the energy requirement in the food 
for the life of a man to the energy liberated by a yeast cell in 
its simple resolution of sugar into alcohol and carbon dioxid 
is indeed a far cry, except as showing that the energy doctrine, 
as enunciated by Rubner, unites the world of living things. 

Magnus-Levy! made 41 short time respiration experi- 
ments on the same man when resting without food. The 
greatest variations from the mean were —7 and +10 per 
cent. The calories per square meter per twenty-four hours 
were 812. In 1912 Lusk? calculated that the heat pro- 
duction of three quiet and sleeping dogs was 759, 748, and 746 
calories per square meter of surface at an environmental tem- 
perature of 26° C., that a dwarf produced 775 calories per 
square meter of surface, and that four out of five sleeping men 
investigated by Benedict showed an average heat production 
of 789 calories per unit of area. Only in the sleeping infant 7 
months, old, investigated by Howland, did the metabolism 
appear out of the ordinary and reached a level of 1100 calories, 
and this factor was specifically pointed out as indicating a 
higher metabolism in the youthful protoplasm than is present 
in the adult. 

The critical studies of F. G. Benedict* led him to conclude 
“that the metabolism or heat output of the human body, even 


1 Magnus-Levy: ‘“Pfliiger’s Archiv;’” 1894, lv, 1. 
* Lusk (with McCrudden): “Journal of Biological Chemistry,” 1973, xiii, 


450. 
5 Benedict, F. G.: “Journal of Biological Chemistry,’ ro15, xx, 298. 
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at rest, does not depend on Newton’s law of cooling,! and is, 
therefore, not proportional to the body surface.” 

That a greater metabolism is induced in man after the 
ingestion of a liter of cold milk than after taking the same 
amount when it is warm, was shown in Tangl’s? laboratory, and 
indicates that an influence may be exerted by cooling. The 
body temperature fell 0.25 to 0.8 degree. That such an influ- 
ence is exerted by cooling was clearly demonstrated by Lusk,’ 
who compared the heat production after giving glucose dis- 
solved in cold water and in water at the body temperature to 
a dog placed in a calorimeter, with the following results: 


GtiucosE In CoLtp TAP-wWATER. GLUCOSE IN WATER AT 38° C. 
Indirect. Direct. Indirect. Direct. 
Calories. Calories. Calories. Calories. 
80.33 75-19* 75-92 76.39 


* Plus heat for warming the cold water. 


When warm water was ingested the computed heat production 
agreed with that actually found, but when cold water was 
given there was an increased oxidation, as shown by indirect 
calorimetry, in order to provide for the body heat lost to the 
fluid in the stomach (see p. 132). 

Benedict is in agreement with Carl Voit when he concludes 
that the mass of active protoplasmic tissue determines the 
height of the metabolism. However, in the search for a 
standard upon which to calculate what would be the normal 
heat production of a man suffering from disease it is ob- 
viously impossible to measure the mass of active proto- 
plasmic tissue. 


1 This law reads, “‘The quantity of heat gained or lost by a body in a second 
' is proportional to the difference between its temperature and that of the sur- 
rounding medium.” At the higher temperatures of environment it is obvious 
this law does not control. See Rubner’s experiments on guinea-pigs, p. 120, 
demonstrating that the effect of cold on the skin is not a sufficient explanation 
of the law of skin area. ; 

2 Hari and von Pesthy: “‘Biochemische Zeitschrift,” 1912, xliv, 6. 

3 Lusk: “Journal of Biological Chemistry,” 1915, xx, 578. 
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When the Russell Sage Institute of Pathology constructed 
in Bellevue Hospital an Atwater-Rosa calorimeter copied in 
the main after the successful models of Benedict, it became 
absolutely essential that some criterion of normal metabolism 
be established as a basis from which one could estimate 
whether the metabolism of a patient under investigation was 
higher or lower than the normal. The severe criticisms of 
Benedict upon the method of estimating heat production from 
the unit of surface led to a very careful review of all the evi- 
dence and to new experiments. Du Bois,! who took up this 
work, has used an accurate and ingenious method with which 
he has been able actually to measure the surface area of normal 
men. He covered the body surface with tight-fitting under- 
wear, applied melted paraffin, and then paper strips to prevent 
change in area when the covering was removed. This model 
of the surface when cut into flat pieces was photographed upon 
paper in which equal areas were of equal weight. From the 
weight of paper which received the photographic impression 
the area of body surface could readily be calculated. A 
round ball having an area of 0.1490 square meter, when 
measured by this method, gave an area of 0.1488 square 
meter. After this fashion E. F. and Delafield Du Bois have 
discovered that the formula heretofore used for estimating 
the surface area in man showed an average inaccuracy: of 
16 per cent. and a maximal variation from the normal 
of 36 per cent., this being found in very fat individuals. 
Two new formule, a “linear” and a “height-weight” formula, 
have been evolved which give an average variation of + 1.5 
per cent. and a maximal variation of + 5 percent. Using the 
older formula of Meeh, the heat production per square meter 
of surface is 833 calories during twenty-four hours, but using 
the more accurate formula of Du Bois this rises 16 per cent. 
to 953 calories. In normal adults of various shapes and 
sizes this is the basal metabolism as measured when the individ- 


1 Du Bois, D. and E. F.: ‘‘Archives of Internal Medicine,” 1915, xv, 868; 
Ibid., 1916, xvii, 863. 
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ual is resting and before the administration of food in the 
morning. 

The following table presents the results of work upon those 
persons whose surface areas were actually measured: 


COMPARISON OF AREA OF BODY IN SQUARE METERS AS 


ACTUALLY MEASURED WITH THAT CALCULATED FROM 
THE DU BOIS FORMULA 
Error | Error 3 Gone 
Area. | AREA IN WITH y ig Lees 
PERSON. Meas- | Catcu-|Du Bots|/MreEn’s | AGE. 5 o oa eM REMARKS. 
URED. | LATED.| For- | For- = cS s ae ek 
MULA. | MULA. Rak Howat 
a | ‘= 
Men: Sq. M. | Sq. M. % % ‘|\VYears. Kg. Cm. 
Benny L...... 0.8473 | 0.8512 | +o.5 | +21 36 24.2 110.3 33.0 A cretin. 
Morris S...... 1.6720 | 1.6938 | +1.3 | +17 21 64.0 164.3 41.2 Normal. 
ROB aes. 1.8375 | 1.7680 | —3.8 | + 7 22 64.1 178.0 40.9 Normal. 
E. F. D. B....| 1.9000 | 1.8832 | +0.9 | +14 32 74.0 179.2 39.8 Normal. 
Gerald S...... 1.490 | 1.4941 | +0.3 | + 4.0] 17 45.2 171.8 306.7 Diabetes. 
fal 5 1.7981 | 1.7905 | +o.r | + 8.4] 21 63.0 184.2 37-4 Normal. 
Fabian S......| 1.1869 | 1.1455 | —3.5 | + 6.2] 12 32.7 141.5 
R. L. (Legless)| 1.4299 | 1.4692 | +2.7 | +37.0] 43 63.8 
Women: 
Mrs. McK....} 1.8592 | 1.8956 | +2.0 | +36 48 93.0 140.7 37.0 Very fat. 
Sime W.....| 1.6451 | 1.6128 | —2.0 | +11.6| 26 57.6 164.8 33-3 Normal. 
ild: 
Anna MM: .5°..<. 0.3699 | 0.3592 | —2.9 | + 9.3 2 6.3 73.2 


As the “Linear Formula” involved taking 19 measure- 
ments, a simpler procedure was sought. The formula A = 
W? x H? X 167.2, in which A = area in square meters, W = 
weight in kilograms, and H = height in centimeters, was found 
to give an average error of 2.2 per cent. The average error 
could be reduced to 1.7 per cent. by using the formula, 


Ae WES ETA Kier 84 


Based on this formula a chart! has been devised by which it is 
possible to estimate the surface area at a glance. It is re- 
produced in Fig. o. 

The old formula of Meeh gives a close approximation to 
34.7 calories per square meter of surface per hour as the meas- 


1Du Bois, D. and E. F.: ‘‘Archives of Internal Medicine,” 1916, xvii, 
863. 
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ure of the basal metabolism. In people of normal shape 
this result is so constant that it justifies the conclusion that 
the basal heat production can be determined by Meehs for- 
mula, whether Meeh’s formula for determining surface area is 
correct or not. 

The new formula gives the following results, the subjects 
being men between the ages of twenty and fifty years: 


AVERAGE Maximum 
CALORIES VARIATION FROM 
PER SQ. METER AVERAGE 
PER Howr. IN PER CENT. 
Average 9g normal controls (Du Bois!)..... 30-7 +4 and —6 
Average 9 normal controls (Means?)....... 39.6 +7.6 and —7.1 
Average 82 normal controls (Benedict’)..... 38.9 usually +10 


As the results of Du Bois were obtained with calorimeter 
experiments of two or three hours’ duration, the figure 39.7 
calories per square meter of body surface per hour may be 
accepted as closely approximating the normal basal heat 
production of adult men. The experiments of Means and of 
Benedict were accomplished with the Benedict unit apparatus 
and bring confirmatory evidence. 

Boothby‘ finds that the metabolisms of 23 patients who 
recovered their health after operations, and who had been 
confined in the hospital between twenty and fifty days, most 
- of the time in bed, were within + 10 per cent. of the 
Du Bois normal standard. This establishes the validity of 
the use of this measure of the basal metabolism as a criterion 
of an altered metabolism in hospital patients. 

Du Bois® presents the following standards of basal metab- 
olism with regard to age and sex. Figure 10 gives a graphic 
presentation of the data as applied to men. 


1 Gephart and Du Bois: “ Archives of Internal Medicine,” 1916, xvii, 902. 

2 Means: “Journal of Medical Research,” 1915, xxxii, 121; ‘‘ Journal of 
Biological Chemistry,”’ 1915, xxi, 263. : f 4 

3 Benedict, Emmes, Roth, and Smith: “Journal of Biological Chemistry,” 
1914, XVili, 130. ae ; gee 

4 Boothby: Oral communication, published by permission. 

5 Du Bois: “Archives of Internal Medicine,” 1916, xvii, 887, and Aub and 
Du Bois, unpublished. 
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CALORIES PER Hour PER SQUARE METER. 
SUBJECTs. AGE IN YEARS. 
Du Bots 

MEEE. (He1cuT-WEIcHT). 
OVS ees fas sia sncs os 2-13 45-7 49.9 
IW IGT 5 0 ie aaa 20-50 34-7 30.7 
WOMEN 25, ese fac 5 -« 20-50 32.3 36.9 
INU CTERY Sires cea ase 50-60 30.8 35.2 
VO SINGH 5.40) 1 ee oe 50-60 28.7 Bot 
OIG Ab ee 77-83 seek Ae 


The table shows that boys just before puberty have a high 
metabolism (see p. 559), that men have a higher metabolism 
than women, and that with advancing age there is no longer 
the same intensity of oxidation as in the prime of life. 

The greater validity of the Du Bois formula over that of 
Meeh is shown in the following comparison by Du Bois of 
the metabolism of fat and thin subjects, computed in larger 
part from the work of Benedict, Emmes, Roth, and Smith: 


CALORIES PER SQ. METER AVER- 
AGE VARIATION FROM NORMAL CALORIES PER 
NuMBER OF STANDARD IN PER CENT. Kitocram IN 
SUBJECTS. | TWENTY-FOUR 
Hoors. 
MEEH. Du Bots. 
Fat men. 5 —7.6 —4.0 21.0 
Ph inimenssy.y 6 (ines 4 +6.4 —5.0 29.0 
Fat women.......... 7 —12.2 °. 19.4 
Thin women........ | 6 +4.2 —4.0 29.1 
| 


It is evident from this analysis that although thin women 
produce about 50 per cent. more-heat per kilogram of body 
substance than their obese companions, yet per square meter 
of surface there is little difference. ; 

The metabolism of a fat boy and his thin brother follow the 
same rule (see p. 257). Tangl! obtained the following results 
with pigs: 


WEIGHT CALORIES IN TWENTY-FOUR Hovrs: 
In Ke. Per Ke. Per SQ. METER (MEER), 
orden ereIM ic ois aves tule Scarab ede veliays, «7s 19.6 1060 
Ae aeaAslansisrayal has tinienc afaiel > 5% woes sis? bles Shee I100 


1Tangl: Biochemische Zeitschrift,” 1912, xliv, 252. 
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For the study of metabolism processes it is certainly 
most fortunate that the unit of surface area eliminates the 
same amount of heat in the normal adult within to per cent. 
of a determined average. The reason is not clear. But the 
reasons why the body temperature is constant or why the 
menstrual period is exactly timed_are also not clear, though 
as facts they are established. 

Recent experiments by Moulton! show that the nitrogen 
content of cattle is almost exactly proportional to the surface 
area of the animal. If the nitrogen content be a measure of 
protoplasmic tissue, these experiments afford a striking con- 
firmation of the doctrine of Voit that the heat production is 
proportional to the mass of living cells (see p. 45). 

However, the remarkable experiments of Grafe and 
Graham? appear to indicate that notwithstanding a large 
addition of protein to the organism of a dog following fasting, 
there is no increase in the fundamental metabolism. These 
experiments are summarized below: 


CALORIES OF 


. | Merazouisu. | Hours 
Weicat | + N To Cat AFTER 
Date. IN Ko. Bopy ae Last 
*  jrn Dret. Per 


Total. Sq. M. Foop. 


X, 25 | Last day of food. 2OArSi iene a nee | BLOSOR x3 2Omuere 
XI, 14 | 21st fasting day. 15.00 | —83.5 | .... 672 | 1028 
XI, 18 | 3d day of food. 18.50 | —48.6 | 2244 816 | 1036 | 12 


XI, 22 7th day of food. 20.00 +4.7 | 2244 | 1081 | 1364 Io 
XI, 28 | 13th day of food. 20.05 | +79.7 | 2580 | 973 | 1227 | 36 
XII, 31 | 46th day of food. 20.25 |+265.8 | 1660 | 1112 | 1396 | 36 


After seven days of food the animal recovered all the weight 
and nitrogen lost during twenty-one days of fasting and its 
heat production was as before the fast. (See also p. 211.) 

The organism, therefore, preserves the tropical temperature 
of its cells at the expense of a metabolism which is pro- 
portional to the skin area of the individual. 


1 Moulton: “Journal of Biological Chemistry,” 1916, xxiv, 290. 
4 *Grafe and Graham: “Zeitschrift fiir physiologische Chemie,” ro11, 
Xxili, 1. 
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The loss of heat by an organism at rest follows these paths: 

1. Conduction and radiation. 

2. Evaporation of water from lungs and skin. 

3. Warming the food ingested. 

4. Warming the inspired air (conduction). 

The great outlets for heat loss are by conduction and radia- 
tion (of which in the dog 97.3 per cent. takes place through the 
skin and 2.7 per cent. through the lungs!) and through the 
evaporation of water. The losses through warming the food, 
and through heat of the urine and of solution of urinary con- 
stituents through the feces, and the warming of expired carbon 
dioxid may be ordinarily disregarded. 

The pathway for the loss of heat varies with the temper- 
ature of the environment. At a low temperature there is 
little evaporation of water, and at a temperature of 37° C. there 
can be no heat loss by radiation and conduction (except by a 
rise in body temperature), and water evaporation removes the 
whole of it. In the dog at a high temperature there is spread- 
ing out of the limbs to promote heat loss by radiation and 
conduction, and rapid breathing (polypnea) with extension of 
the hyperemic tongue to promote evaporation of water. In 
the horse and in man there is especially an outbreak of sweat 
which is not possible in the dog, as its skin does not secrete 
sweat. 

Du Bois? finds that the average loss of water from the 
lungs and skin is 680 grams per day in the normal resting 
man at an environmental temperature of 23° C. and medium 
humidity. The evaporation of this amount of water repre- 
sents an absorption of heat equal to 24 per cent. of the total 
heat loss. This latter figure is in exact agreement with an 

‘average of results previously reported by Benedict and Car- 
penter.2 According to Loewy‘ the loss of water of perspira- 


1Rubner: “Energiegesetze,”’ 1902, p. 187. ’ 

2 Gephart and Du Bois: ‘Archives of Internal Medicine,” 1916, xvii, 902. 

3 Benedict, F. G., and Carpenter: Carnegie Institution of Washington, 
Publication 126, 1910. e 

4Loewy: “Biochemische Zeitschrift,” 1914, lxvii, 243. 
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tion per square meter of body surface is greatest in the arms, 
next greatest in the legs (the extremities yielding not far from 
75 per cent. of the total), and least from the trunk. The 
greatest actual loss is, however, from the legs. 

Loewy also finds that in men without sweat-glands the 
evaporation of water from the skin may amount in maximo 
to 15.6 grams per square meter per hour, or 800 grams for 
the whole body during a day. Vasomotor reflexes may play 
an important part in the quantity of water evaporated. 
Placing the right forearm in cold water reduced the water 
elimination from the right leg from 3.64 to 3.22 grams per 
square meter of surface per hour. Washing the night arm 
with alcohol and ether reduced the water elimination of the 
right leg to 1.78 grams for the same unit of measurement. In 
both of these experiments the leg showed an increase above 
the normal evaporation of water after the removal of the 
stimulus of cold from the arm. 

Generally speaking, there is little difference between the 
temperature of the inner organs of the body. _ Heidenhain,! 
confirming earlier work of Claude Bernard, found that in 
84 out of 94 experiments with dogs the temperature of the 
right ventricle was higher than that of the left, two-thirds 
of the cases showing differences between 0.1° to 0.3°. Claude 
Bernard? states that during digestion the blood of the hepatic 
vein is o.1° higher than that of the portal vein. Quincke? 
found that the temperature of the empty stomach of a boy 
was constantly 0.12° higher than the rectal temperature, and 
that after the ingestion of 500 c.c. of water at a temperature 
of 20° C. the original temperature was not regained for seventy 
to seventy-five minutes. Rancken and Tigerstedtt find a tem- 
perature in the stomach of a boy with a gastric fistula which 
averages 0.09° higher and is in maximo o.2° higher than that 
of the rectum. 

1 Heidenhain: ‘“Pfliiger’s Archiv,” 1871, iv, 558. ; 

* Bernard: ‘Lecons de physiologie opératoire,” Paris, 1879, p. 481. 


’ Quincke: ‘Archiv fiir exp. Path. und Pharm.,” 1889, xxv, 375. 
* Rancken and Tigerstedt: “Skan. Archiv fiir Physiologie,” 1909, xxi, 85. 
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Regarding the surface temperature, Henriques and Hansen! 
report the following temperatures at different depths in the fat 
of the hog’s back just one side of the median line: 


c: 
4 fe} 
er: under the skin Senn A Aa nme EeT Oa che ees 33-7 
x at . Perl Mitt et ies <- ee Gase diel alee hy « 34.8° 
ee oe cL AR Neae RES teh Sew abe veedaa Saye » oe 
Bevtab temperature |<, 080... te ooo. ee 39.9° 


The environmental temperature was, unfortunately, not noted. 
It must be evident that under these conditions blood coming 
from the internal organs must lose heat to the cooler surface 
of the organism. 

Benedict and Slack? studied the simultaneous records of 
rectum, vagina, axilla, breast, groin, hand, arm, and mouth, 
and concluded that aside from the skin temperature a rise or 
fall in rectal temperature is accompanied by a corresponding 
rise and fall in temperature of all other parts of the body in 
man. 

Coleman and Du Bois? find that in fever, under conditions 
of a changing blood-supply to the skin, well-covered surface 
thermometers give a more accurate indication of the average 
change in body temperature than does the rectal thermometer. 
As the measurement of the amount of heat gained or lost by an 
organism during an experiment in which direct calorimetry 
is determined is effected through the observation of the changes 
of body temperature, this is an important matter. It may be 
stated as a general principle that when there is a wide varia- 
tion in rectal temperature direct and indirect calorimetry do 
not usually agree as closely as when there is little alteration 
in body temperature, which indicates that the blood is not 
at all times so distributed throughout the body that the aver- 
age rise throughout all the parts is equal to the rise in the rec- 


1 Henriques and Hansen: “Skan. Archiv fiir Physiologie,” rgor, xi, 161. 
2 Benedict and Slack: Carnegie Institution of Washington, Publication 


155, Ig1t. a 
: 3 Coleman and Du Bois: ‘Archives of Internal Medicine,”’ 1915, xv, 887. 
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tum alone. Yet, on the whole, the rectal temperature is the 
best guide available. | 

Some idea of the activity of the blood flow which equalizes 
the body temperature may be obtained from the observations 
of Burton-Opitz,! from which may be calculated that an amount 
of blood equal to the entire amount in the body of a dog 
traverses the liver every three minutes. 

It has been seen that Lavoisier noticed that cold increases 
the metabolism. ‘This has been abundantly confirmed. The 
simplest illustration of this action is to be found in fasting 
animals. Rubner has called this increase of metabolism and, 
therefore, of heat production the chemical regulation of the 
body temperature (see p. 118). Itis the same as burning more 
coal in the furnace on a cold day in order to maintain the tem- 
perature of the house. Voit had previously demonstrated 
this action in the case of a man (see below). 

It has been noted that a constant basic quantity of energy 
is necessary to maintain the life-processes of a warm-blooded 
animal situated in a tropical environment. In this case the 
energy of metabolism is directly concerned in maintaining the 
vibrant motions of the molecules of protoplasm (see p. 301) 
and heat production is a secondary result. If, now, the organ- 
ism be subjected to the influence of a cold environment, there 
is an increased production of heat which is directly derived from 
metabolized substances and the mission of which is to maintain 
the temperature of the body at the tropical point. It will 
also be shown in another place how this passive increase in 
heat production through ‘‘chemical regulation,’ which is 
induced without visible motion on the part of the animal, may 
become unnecessary if instead the needed heat be obtained 
from other sources, as from the increased heat production 
incident to muscular work or to food ingestion. 

Rubner placed a fasting guinea-pig in a bell-jar which was 
ventilated so that the carbon dioxid production could be 


Pecaptin so “Quarterly Journal of Experimental Physiology,” 1912, 
v, 189. 
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determined. The temperature of the bell-jar could be changed 
by immersing it in water. The following were the results: 


ACTION OF CHEMICAL REGULATION IN THE GUINEA-PIG 


C = C ecg a 

RAMS OF IN HANGE OF FOR 

TEMPERATURE OF Arr. be ee Sith ca OF | One Hour per Ko. Eacu 1° C. Rise IN 

ANIMAL. TEMPERATURE OF 
Arr. 
Ch ie ere area 37.0 2.905 ae 

HG day ae en 37-2 2.IST 2-33 

20.8° eGR! 3 Ane ae 37.4 1.766 —1.84 

ASAE ba ee 37.0 1.540 } ay 

30.3° WE ee ek ties Eby! 1.317 eg 

34-9 |. .+-- MAIER atts cliche id fay 38.2 1.273 —0.71 

ACEO Maree Ache. she gids ecarats, 39-5 1.454 +2.82 


It is evident from the table that there was a constant de- 
crease in the metabolism as the air was warmed from o° to 35° 
C. The metabolism at o° was two and a half times that at 30°, 
an increase as pronounced as is incurred as the result of severe 
muscular work. The animal at o° was not observed to move 
around any more than he did at 30°. These results have been 
confirmed by Murschhauser.! Other experiments confirmed 
Rubner in the view that the critical temperature, or the tem- 
perature of the minimum metabolism, lay at 33°. At this 
point temperature had the least influence on total metabolism. 
When the temperature is raised from 30° there is at first no 
increase in the metabolism. This is due to the action of the 
apparatus for the physical regulation of body temperature. 
As the temperature rises the blood-vessels of the skin become 
dilated and the evaporation of water from the body is pro- 
moted. These factors tend to maintain the normal tempera- 
ture of the organism by physical means. If the temperature 
of the air be high, so that the physical regulation be not 
sufficient to cool the body, then a supernormal temperature 
ensues. Such a febrile temperature raises the metabolism 
by warming the cells, as is seen in the table of the experiment 
in which the guinea-pig was exposed to a temperature of 
40°. The range of the physical regulation—that is, the period 


1 Murschhauser: “Zeitschrift fiir physiologische Chemie,” 1912, Ixxix, gor. 
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during which external temperature change does not alter 
metabolism—depends, according to Rubner, on the natural 
protections which an animal possesses which insure him 
against heat loss. These are two in number—the hairy 
covering and the thickness of the layer of subcutaneous 
fat. 

Rubner has shown that the hair of the black cat, black 
lamb, rabbit, skunk, raccoon, mink, musk-deer, and sheep is of 
itself relatively light in weight, but that the fur contains a 
very large quantity of air. The whole of the fur covering of 
these animals consists of between 97.3 and 98.8 per cent. of 
air. The fur, therefore, really consists of air with between 1.2 
and 2.7 per cent. of hair. The slight conductivity of the fur 
is principally dependent on this layer of stationary air. If an 
animal be covered with a fur containing this stagnant air, he 
will be better protected from loss of heat than if he had none, 
and also less susceptible to the influence of cold upon the sur- 
face of his skin. This protective covering therefore extends 
the range of the physical regulation. 

Rubner! gives the following experiment showing the in- 
fluence of temperature on a small fasting dog with long 
hair: 

ACTION OF CHEMICAL REGULATION IN THE DOG 


3 at al ke : 

Ae Bee ee eo | Seas gig 

EI B rela ‘S) He] = 

ee ad one Pe rd re er eee OL oe a 

2 |) eB) es |8k| 8] g | Bae) se) bo] & 

A a a Bo S) a Oo | oO & eo 
tst.......| 1.80| 0.06 | 1.86] 20.0] 1.1 | 21.0] 14.9| 46.5 | 183.6 | 230.1 | 20.0° 
Yo eens 1.56 | 0,06] 1.62] 22.4| 1.0 | 23.4| 18.0| 40.4] 224°6 | 264.6 | 15.2° 
ROR ee 1.52,| 0.06] 1.58 | 28.2] 1.0 | 29.1 | 23.9 | 39.5| 204.7 | 334.2| 7-6° 
4th.......| 1.56] 0.06] 1.62] 18.9] 1.0 | 19.9] 14.5 | 40.5 | 179.0 | 219.5 | 30.0° 
5th.......] 1.42] 0.06| 1.48] 17.3| 0.9 | 18.2| 13.7] 37-0| 169.3 | 206.3 | 25.2° 


One observation was made in this experiment on the dog 
which was not possible in the case of the guinea-pig, and that 


1Rubner: “Die Gesetze des Energieverbrauchs,” 1902, p. 105. 
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concerned the nitrogen excretion. The nitrogen excretion for 
twenty-four hours is not increased by exposing the dog to a 
temperature of 7.6°. The increased metabolism is entirely 
at the expense of fat. We have seen that this may also be 
true of work which may be accomplished at the expense of 
fat without raising the protein metabolism. 

Reduced to terms of calories produced per kilogram of 
dog, the following results are obtained: 


Catoriés PER Ki1o. 


A temperature of 20° was readily borne by this dog with- 
out any increase of his metabolism. The period of unchang- 
ing metabolism extended over at least ten degrees between 
20° and 30°, during which time the physical regulation alone 
sufficed to maintain evenly the body’s temperature. At 
35° a decided increase of heat production set in, on account of 
the warming of the cells through insufficient heat loss. That 
the range of the physical regulation of the temperature of this 
small dog was due to his long hair is shown by the change in 
his metabolism after shaving him. Rubner shows this in the 
following table: 


CALoRIES PER KiLo. 
TEMPERATURE. 
Normal Coat of 
ar Shaved. 
age" Rn BG a OES Cee eR ree 55-9 82.3 
EDs an ER ni ce A OL. fyi tans Pabse ROS 54-2 61.2 
° 
RS ee nk cok son ack, G0. 5:3::8 suis) a:b, S ed ln 56.2 52.0 


It is clearly seen that this dog lost his power of physical 
regulation between 20° and 30° as soon as he lost his covering 
of hair. His metabolism became like that of the guinea-pig, 
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increasing with a reduction of temperature from 30° downward, 
an illustration of chemical regulation. 

E. Voit! shows that the metabolism of a pigeon may be 
doubled after removing its feathers. 

Babak? finds that if rabbits are shaved and varnished with 
starch paste their metabolism rises 140 per cent., which in- 
crease maintains their body temperature at the normal for 
several weeks, although the room temperature be between 
15° and 20°. 

To determine the influence of the second factor, that of the 
protecting layer of fat, Rubner® investigated the influence of 
temperature on the metabolism of a fasting short-haired dog 
at a time when he was emaciated, and compared it with the 
fasting metabolism after the same dog had been fattened. 
The results were as follows: 


Doc (Txt). Same Doc (Fat). 
- Temperature. Cal. per Kilo. Temperature. Cal. per Kilo. 
Sel ae mechs 121.3 1 AER ne oc 120.5 
TAAS See eee 100.9 Fehon foc 83.0 
CEPR TOS ER TOOL 70.7 29 Ors neg epee REE 67.0 
3016," txaceee tet Seer 62.0 Bi (Oleh & tay: tegnionar ere 64.5 


It appears from the above that the metabolism of the dog 
was the same at a low temperature in both cases, but that the 
minimum metabolism was almost reached at a temperature of 
22° when the dog had a protective covering of fat, which was 
not the case when he was thin. The presence of adipose 
tissue, therefore, acts in the same way as does a warm fur to 
extend the range of the physical regulation, and to delay the 
onset of the chemical regulation of body temperature. 

The physical regulation may be increased by certain 
voluntary acts, such as are observed when a dog exposed to 
cold lies down and curls himself up in such a way as to offer 
as small an exposed surface as possible. The contrast to this 
is offered when on a hot day the dog lies on his back and extends 
his limbs so as to promote the loss of heat. 

1 Voit: ‘Sitzungsber. der Ges. fiir Morph. u. Physiol.,” 1904, xix, 39. 


* Babak: “Pfliiger’s Archiv,” 1905, cvili, 389. 
3 Rubner: Loc. cit., 1902, p. 137. 
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Rubner' also cites an important modification of metabolism 
through a variation in the humidity of the atmosphere. 

At a medium temperature during fasting (as well as on a 
medium diet) the metabolism of a dog was practically un- 
affected by an increase of humidity in the air, as appears 
below: 


CALORIES IN Humipity IN 
TEMPERATURE 20.2° 24 Hours. Per CENT. 
gO Bd EE ST EA Rel 258.4 34 
1S ieteSG hte EN A save re bath nck kee 250.6 69 
MOKeOUNGIY, Caviassrccigae eed acteict a er 1.8 


However, on a liberal diet the metabolism increases on a damp 
day even at a medium temperature, as for example: 


CALORIES IN Hummntty IN 
TEMPERATURE 20.2° 24 Hours. PER CENT. 
MenyrGr ys Ua ys stir Sens. 0 ky cee eaters, oe 240.4 3 
Furic ays a. ci oo ene 261.9 66 
IMoreion numid day... ....aeeremmee ss; 12.5 


The increase is 5 per cent. 


On a very hot day (on a moderate fat diet) the dog’s met- 
abolism is increased by the presence of moisture in the 


atmosphere. 
TEMPERATURE 35°. 


Calories per Kg. Humidity in Per Cent. 
69.28 Q.1 
73-54 39.0 


Under these circumstances the metabolism rose 6.1 per cent. 
in the more humid air. There was probably an overwarming 
of the cells on account of the difficulty of heat loss by evapora- 
tion of water. A cold, damp environment of 0° to 5° temper- 
ature also favors an increased metabolism. Rubner attributes 
this action of humidity to the increased conductivity of a hair 
covering containing moisture, and says that this loss may be 
partially baianced by a decreased evaporation of water from 
the lungs. 


1Rubner: “ Energiegesetze,” 1902, p. 188. 
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Murschhauser and Hidding! have experimented with 
guinea-pigs’ placed in various environmental temperatures 
and furnished either with perfectly dry air or air completely 
saturated with moisture. At 35° the well-known influence of 
air saturated with water increased the body temperature and, 
therefore, the metabolism. At both 20° and 5° the influence 
of cold was accentuated by excessive dryness of the air, so 
that the heat production was about ro per cent. higher than in 
moist air at the same temperature. This is explained by the 
fact that in dry air evaporation of water from the lungs 
increased the loss of heat by the animal which was compensated 
for by an increased metabolism. 

The metabolism and the manner of heat loss may, therefore, 
be variously affected by the condition of the atmosphere as 
regards moisture. 

On days of ordinary dryness Rubner? calculates the follow- 
ing division of the heat loss in a starving dog under the in- 
fluence of different temperatures: 


INFLUENCE OF TEMPERATURE ON MANNER OF HEAT LOSS 


Catortes Lost By | CAtortes Lost By TOTAL H 
TEMPERATURE. CONDUCTION AND EVAPORATION OF CALORIES OF Pomien 
RADIATION. WATER. Merrasorism, | 1X +28 CENT. 
Toecee seen ees 78.5 7.9 86.4 24 
TS rete eee 55-3 qa 63.0 34 
Overseer vee 45-3 10.6 55-9 20 
25 retest e ees 41.0 13.2 54.2 19 
BO See eines ees 23.0 56.2 I4 


It is clear that at 7° only a little heat is lost by the evaporation 
of water and the greater part by conduction and radiation. 
As the surrounding air becomes warmer the power to lose heat 
by radiation and conduction diminishes, and the loss through 
the evaporation of water increases. 

Rubner has charted this experiment after making allow- 
ances’ for the varying moisture conditions. The chart is 


} Murschhauser and Hidding: ‘‘ Biochemische Zeitschrift,” 1912, xlii, 357. 
2 Rubner: ‘‘Energiegesetze,” 1902, p. 193. 
3 Rubner: ‘Archiv fiir Hygiene,” 1891, xi, 208. 
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reproduced in Fig. 11, and epitomizes the method of heat loss 
in a starving dog under the influence of varying temperatures. 

The discussion of the metabolism has given a foundation 
for the understanding of the basic requirement of an organism. 
The minimum requirement for energy is seen to be present 
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Fig. 11.—Rubner’s chart showing the manner of heat loss at different room 
temperatures in the dog. Blue, Heat loss.in calories through evaporation of 
water. Red, Heat loss in calories through radiation and conduction. 

The distance between opposite points of the curved line represents the total 
metabolism at a particular temperature. 


when the fasting organism is surrounded by an atmosphere 
having a temperature of 30° to 35°. This may be called the 
basal metabolism, the minimum of energy compatible with 
cell life. This basal metabolism is modified by temperature, 
by food, and by work, and it is an important factor to keep in 
mind (see p. 124). 
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The principles laid down here regarding the lower animals 
apply equally toman. He too may come under the influence 
of chemical regulation, although he constantly endeavors to 
maintain the surface of his skin at a tropical temperature 
through the use of clothes. His heat loss may, like the dog’s, 
be more difficult if he be covered with a thick layer of fat, 
and his metabolism is also influenced by atmospheric condi- 
tions of moisture, wind, and temperature. . 

One of the earliest demonstrations of the action of chemical 
regulation was afforded by’ Voit, who placed a fasting man 
weighing 70 kilograms in the Pettenkofer-Voit respiration 
apparatus and determined the carbon dioxid and nitrogen 
output for six hours. The person accustomed himself to the 
given temperature by staying under its influence for some 
time previous to the commencement of the experiment. In 
the cold experiments the ventilating air was derived from the 
winter atmosphere. For the warm periods the air was 
artificially heated. The subject of the experiment wore 
clothing which was comfortable in the usual warm atmosphere 
of the laboratory. Voit! gives the following results: 


EFFECT OF TEMPERATURE ON THE METABOLISM OF A FASTING 
MAN. SIX-HOUR PERIODS 


Coz ExcreteD WN IN URINE 


TEMPERATURE. In G. " InG, 
KA? jot Bettiah ee ee 210.7 4.23 
6.8 ° Seta <pak a deachaties a heron eee 206.0 4.05 
QiOo vo acdireg gate sine tatayale ste eters era eter eee 192.0 4.20 

14.3° RO eR ee Ar oh MM ONT ste & 155-1 3.81 
16.2° eae bales aly, seLaRn dees des othen teen ate eae ene oe 4.00 
OX Fy Re ERE AWA Hiren iri ainras a Aaikaa nc 164. 3-40 
CY We ae Sn an iar! ehh ACE i ch raw 166.5 3-34 
20.7? Riss: ecole cinene Capen eile ote eee ee 160.0 3-07 
30,072 Sa cates rorc or are ae ee 170.6 


The nitrogen elimination remains unaffected by temper- 
ature. At the ordinary room temperature there scarcely 
seems to be any increase in carbon dioxid output, but at the 
lower temperatures the quantity of the fat metabolism is 
markedly increased, as shown by the rise of carbon dioxid © 

1Voit: “Zeitschrift fiir Biologie,” 1878, xiv, 80. 
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elimination. The individual sat quietly in a chair, but at 
a temperature of 4.4° C. could not prevent himself from 
shivering. 

The whole effect of the chemical regulation in man has been 
attributed by Johansson! and also by Sjéstrém? to the ad- 
ditional metabolism due to shivering. Voit did not believe 
that this could be the cause, nor that the increased respiratory 
activity could account for the rise in metabolism. Voit 
believed the increase to be a reflex stimulus of cold on the skin 
which raised the power of the muscle cells to metabolize, 
Voit’s views have been confirmed in Rubner’s laboratory? 
in the following series of experiments on a man: 


TEMPERATURE. COz In GRAMS PER Hovr. 
° 
Ln RI RINGS A a6 Sa RLOC aie tee MIS es 
° 6 
em ey caaen Ss SON 
° 
CMP SEs evils he! oris) aides hole Sinton ud ions) eet sus, eliate-el’e eavche: opalls 32.4 


In this experiment there was no shivering at a temperature 
of 15°, and yet the metabolism increased from what it was at 
Ooi 
It has also been shown that cool baths and winds increase 
the metabolism, which must be effected through the chemical 
regulation. Lefévre* states that a man who has been inured 
to it may sit naked for several hours in a cold wind without 
a reduction of body temperature. 

Rubner® has measured the effect of baths and douches 
lasting three and a half to five minutes. When the water has 
a temperature of 16° he finds that the carbon dioxid elimina- 
tion may be very largely increased, especially in the case of the 
douche. The effect of the douche was more marked if taken 
before breakfast when the intestinal tract was free from food. 
The results before breakfast were as follows: 


1 Johansson: ‘Skan. Archiv fiir Physiologie,” 1897, vii, 123. 
2Sjéstroém: ‘“Skan. Archiv fiir Physiologie,” 1913, xxx, 1. 
?Rubner: “‘Energiegesetze,” 1902, p. 203. 

4Lefévre: ‘“‘Comptes rendus,” 1894, p. 604. 

5 Rubner: “Archiv fiir Hygiene,” 1903, xlvi, 390. 
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INFLUENCE OF COLD BATHS ON METABOLISM IN MAN 


Douce 16°. In- Barts 16°. In- 
CREASE IN PER CREASE IN PER 
CENT. CENT. 
Volume ofrespiration..- nat eee eee 54.5 22.9 
Carbon dioxid excreted >... <tc. see) 149.5 64.8 
Oxygen absorbed =c2e . apres eee 110.1 46.8 © 


A cold bath, especially a douche, will therefore stimulate 
to a greatly increased metabolism. The mechanical stimulus 
of the falling cold water apparently acts reflexly to increase the 
metabolism greatly, as it certainly does the magnitude of the 
respiration. The respiratory quotient indicates that the in- 
creased metabolism is at the expense of the glycogen supply. 
There is an after-effect which lasts about one and a half hours, 
indicating an increased metabolism during that time. This 
may be the expression of the body’s attempt to maintain a 
normal temperature after being somewhat cooled (see also p. 
322). 

It is obvious that a cold bath will be likely to induce shiver- 
ing unless by mechanical effort, such as swimming, the metabo- 
lism is increased so as to supply calorific energy in another 
way than through chemical regulation (see p. 312). 

A bath of 35° has no effect on metabolism. 

Rubner finds that a bath at 44° again increases the metab- 
olism, the increase being, for the volume of respiration, 18.8 
per cent., for carbon dioxid 32.1 per cent., and for oxygen 17.3 
per cent. This is probably due to the overwarming of the 
cells. Baths at this temperature find favor among the 
Japanese. 

Lusk! found that immersion before breakfast of men 
in baths at a temperature of 8° which contained cracked ice 
increased the heat production during a subsequent period of 
violent shivering to 180 per cent. above the normal. The 
metabolism was the equivalent of 4500 calories per day for a 


*Lusk: ‘American Journal of Physiology,’ 1910-11, xxvii, 427. 
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man weighing 64.7 kilograms. From the respiratory quo- 
tient of 0.85 which was found, it may be computed that ap- 
proximately half of this energy was derived from carbohy- 
drates and half from fat. It is known that cold tends to remove 
glycogen from the animal body (see p. 458), and it has been 
shown by Freund and Marchand! that a low environmental 
temperature increases the amount of sugar in the blood. 

Schapals? brings confirmatory evidence as to the outcome 
of immersion of men in hot and cold baths: 


Oz PER INCREASE IN O2 
MINUTE. R20; IN PER CENT. 
Normal gen oss aaccicloneeer 223.7 0.78 
Hot bath at 42°.......... 274.0 1.09 15 
IN Grable tate ae at ene eT OnT, 0.78 
Cold bath atit7< >. ese oOro 0.86 116 


The higher respiratory quotients obtained may in part be 
due to a quickened respiration and consequent elimination 
from the blood of carbon dioxid not belonging to the metab- 
olism of the period. The German term “Auspumpung” 
properly defines this procedure. In metabolism work this 
possibility should be always sharply borne in mind. 

The effect of wind is such that an imperceptible air current 
may have a very pronounced influence. Rubner® has shown 
that wind becomes perceptible when it attains a velocity of 0.4 
to o.5 meter a second, and that if a wind much below this thresh- 
old value, having a velocity of 0.18 meter per second, act upon 
the exposed area of the arm, there is an increased heat loss 
of between 19 and 75 per cent., depending on the temperature 
of the wind, above what would be lost were the air quiet. 

The effect of wind of moderate humidity and different 
temperatures on the metabolism of a man clad in summer 
clothes, as compared with the metabolism during atmospheric 
calm, is shown in Wolpert’s‘ experiment below: 

1Freund and Marchand: “Archiv fiir exp. Path. und Pharm.,” 1913, 
Ixxiii, 276. 

2Schapals: ‘Zeitschrift fiir exp. Path. und Ther.,” 1912, x, 222. 


3 Rubner: ‘Archiv fiir Hygiene,” 1904, 1, 296. 
4 Wolpert: ‘“Jbid., 1898, xxxiii, 206. 


Io 
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INFLUENCE OF WIND ON METABOLISM IN MAN 


Gara Winp 1 METER Winp 8 METERS 
ae PER SECOND. PER SECOND. 
TEMPERATURE. 

Grams COz per Grams COs per Grams CO: per 

Hour. Hour. Hour. 
REMAN Oi IP. RGIS CRO Sy: 29.8 

FO-US* sain var ta ee ee 25.1 28.2 30.0 
TO =20 hatatece aoe ee 24.1 Eanes 30.1 
20-25° Aes eS SON 25.0 ee 28.0 
DBO Oe. Sian esi eee 25.3 22.2 24.4 
OS'S costae eet hitee 23.7 ee 21.6 
pig? OMAR Se Recer mucin yor 21.2 22.2 22.1 


According to this, a breeze having a temperature of 15° 
to 20° and moving at the rate of about 15 miles per hour 
(8 meters per second) has a greater effect upon the metab- 
olism of a man clad in summer clothing than a temperature 
of 2° would have during perfect atmospheric quiet. In all 
the experiments the smallest amount of carbon dioxid is 
eliminated between 30° and 40°. . 

The above experiments were performed on a thin man, and 
it will be noticed that there was no rise in his metabolism at a 
temperature of between 35° and 40°. Rubner explains this as 
due to the sufficiency of the evaporation of perspiration on the 
surface for the cooling of the organism. 

A fat man, however, with a thick, ill-conducting layer of 
adipose tissue is not so immune to the effect of high temper- 
atures upon his metabolism. This is especially pronounced in 
a damp climate. Thus Rubner! obtains the following results 
from a fat man wearing clothes: : 


1 Rubner: ‘Energiegesetze,’”’ 1902, pp. 208, 232. 
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INFLUENCE OF TEMPERATURE AND HUMIDITY ON THE 
METABOLISM OF A FAT MAN 


Houmoipiry 30 Per Cent. Houmoipity 60 Per CENT. 
TEMPERATURE. 
CO: in Grams H:20 Evapo- CO, in Grams H20 evapo- 
per Hour. rated per Hour. per Hour. rated per Hour. 

20°. 5 gicettee tees 33-7, 56 30.7 17 
DS AOR ee na: 36.9 134 44.5t 170+ 
31g. 
sweat. 

BO Sache Me reise, 4 42.6F - 204 46.7§ 186 
+14 g. +255 &. 
sweat. sweat. 
* Body temperature rose 0.1°. t Body temperature rose 0.4°. 
+ Body temperature rose 0.0°. § Body temperature rose 0.9°. 


The fact that in the experiment where there was 30 per 
cent. humidity the metabolism largely increased at 36° to 37° 
without concomitant rise in body temperature leads Rubner 
to theorize that there must have been an overheating of the 
cells where the metabolism was progressing, even though this 
might not have been determinable by the clinical thermometer. 

It appears that on a hot, humid day the metabolism of a 
fat individual may be 50 per cent. higher than on a day of 
moderate temperature and the same humidity. The whole of 
the body heat is lost through the evaporation of water which is 
here hindered by the humidity. There is a large and exhaust- 
ing excretion of sweat which on account of the difficulty in 
evaporation is not effective in cooling the body. At a moder- 
ate temperature, where the greater part of the heat loss is by 
radiation and conduction, the excretion of water is not ex- 
cessive. 

Lee! gives the following table which shows the influence of 
varying temperatures and humidities upon the body tem- 
peratures of a group of normal men: 


20° C. 23.9" C. B05 Ce so” C. 
PERIOD OF 50 Per CENT. 50 Per CENT. 80 PER CENT. 80 PER CENT. 
CONFINE- Houmoiry,. Houmoirty. Houmoirty. Hvumoity, with 
MENT. Fan Movement. 
8.30 A. M. Lyn Oe 36.83° C. 36.86° C. 36.98° C. 
3-30 P. M. 36.52° C. a7.02" C. ay. 200 Gy a7.a75 C. 


1Lee: Proceedings of the Soc. for Ex. Biol. and Med., 1915, xii, 72. 
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There can be no doubt that climatic conditions modify © 
racial characteristics. The emigrant from northern Europe, 
living upon a farm in the hot and often moist climate of an 
American summer, must restrict his layer of adipose tissue if 
he is to live comfortably. The same holds true in Italy. The 
difference between John Bull and Uncle Sam seems to be one 
of climatic adaptation. On the contrary, the Eskimo cultivates 
a thick, fat layer to protect himself from frost. It is also 
interesting to note that prostrations from the heat appear in 
New York with-66 per cent. humidity and a temperature of 
31.5° (2.30 P. M., August 24, 1905). Rubner! says that a 
lightly clad thin man, at a temperature of 30° with humidity 
at 65 per cent., bore the effect so badly that he feared to raise 
the temperature to 35°. This individual had readily tolerated 
35° in dry air. 

The maximum mortality from ‘‘summer troubles” in chil- 
dren in New York coincides with the first great wave of heat 
accompanied by humidity which falls upon the city. Similar 
climatic conditions at later dates are not so fatal. It may be 
that the fatality of these intestinal affections is due to the 
inefficiency of the apparatus for the physical discharge of heat 
in the infant organism. It is also possible that infection may 
be more readily brought about under these conditions (p. 344). 

Another factor in the heat regulation of man is clothes. 
Certain savage races living in cool climates do without 
clothes, as, for example, aborigines of Terra del Fuego, who, 
according to the reports of travelers, substituted a cover- 
ing of oil. In such races the process of “hardening” or the 
development of the physical regulation must be carried to a 
maximum. In civilized countries man endeavors to remove 
all the influence of chemical regulation by keeping his skin 
covered. Only about 20 per cent. of his surface is normally 
exposed to the air. The most important constituent of clothes 
is the air, which is a much worse conductor of heat than is the 
fiber. This is especially true of furs (p. 136). Thickness of 


1 Rubner: ‘“‘Energiegesetze,” 1902, p. 232. 
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the cloth will give a greater layer of air and will prevent heat 
loss from the body. A densely woven cloth prevents proper 
ventilation and does not absorb moisture. In hot weather a 
porous cloth next to the skin which can absorb moisture and 
permit its ready evaporation is of high importance. If a 
garment worn next to the skin becomes thoroughly wet the 
evaporation of sweat at a high temperature is largely pre- 
vented, to the great discomfort of the individual, while at a 
lower temperature heat loss through conduction is greatly 
facilitated, with a sensation of chill. Two experiments 
cited by Rubner! indicate the effect of clothes on metab- 
olism. An individual was kept at a temperature of between 
11° and 12° and wore different clothes at different times. His 
carbon dioxid and water excretion were as follows: 


INFLUENCE OF CLOTHES ON METABOLISM IN MAN AT A TEM- 
PERATURE OF 11° TO 12°. 


COs IN H20 in 
GRAMS Grams REMARKS. 
PER Hour. | PER Hour. 


Dummer clOotnesin ase 28.4 58 Cold, occasional shivering. 
Summer clothes and winter 

VCLCOd teen ty attr. ted 26.9 50 Chilly part of the time. 
Summer clothes and fur coat. 23.6 63 Comfortably warm. 


When the man was comfortable the chemical regulation of 
temperature was eliminated. 

Rubner remarks that while the radiant energy of the sun 
is large in quantity, he has been unable to find any influence 
upon a man under ordinary circumstances, but believes that it 
may take the place of heat produced through chemical regu- 
lation on cold days. Thus a person living in the high altitude 
of Davos, Switzerland, feels much more comfortable in the 
sun on a cold day than he does in the shade. However, 
Zuntz while living on the summit of Monte Rosa found that 
sunlight did not reduce metabolism (p. 4209). 


1Rubner: ‘ Energiegesetze,”’ 1902, p. 225. 
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Hasselbalch! found that if the naked body of a man was 
strongly exposed to ultra-violet rays the rate of respiration was 
diminished while the depth was increased. The skin was red 
with dilated capillaries and the blood-pressure fell. Lind- 
hard, in 1910, showed there is a yearly periodicity of the res- 
piratory rate in the Arctic region, it being less in the spring 
and summer than in the winter. The enormous variations 
in the chemical intensity of the sun’s rays in the Arctic region 
are undoubtedly the cause of this manifestation. Even in 
Copenhagen the same phenomenon has been observed by 
Hasselbalch and Lindhard.2 The volume of respiration 
increases 26 per cent. in the summer. The intensity of the 
metabolic processes are not affected. This accords with the 
fact that there is no change in metabolism through an alter- 
tion of the respiratory rhythm induced by cutting the pul- 
monary branches of the vagus.® 

Durig and Zuntz! find that the climate of the seashore 
does not influence the basal metabolism, nor does travel to the 
Canary Islands in the tropics,> nor the condition of sea-sick- 
ness. 

The fundamental heat production in the organism is not 
reduced by liberating heat from electric energy within the 
organism.’ Thus, although high frequency currents equal to 
1.8 amperes and 176 volts were passed through the body 
during two and one-half hours under conditions such as 
avoided high concentration, and though heat was produced 
thereby which was equal to three to four times the energy 
requirement of the time, yet there was in fact a slight increase 
in the oxidative processes of the subjects attributable to hyper- 
thermia, sweating, increased pulse, and respiratory activity. 


1 Hasselbalch: ‘“Skan. Archiv f. Physiol.,” 1905, xvii, 431. 

2 Hasselbalch and Lindhard: ‘‘Skan. Arch. f. Physiol.,” 1to11, xxv, 361; 
Ibid., 1912, xxvi, 221. 

5 Rauber and Voit: ‘“Sitzungsber. der baeyerischen Akademie,” 1868. 

4Durig and Zuntz: “Biochemische Zeitschrift,” 1912, xxxix, 422; Ibid., 
P. 435. 

5 For an interesting discussion of the offects of tropical light on white 
men read C. E. Woodruff, ‘“Medical Ethnology,” New York, tors. 

§ Durig and Grau: ‘‘Biochemische Zeitschrift,” 1912-13, xlviii, 480. 
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Extraneous heat, therefore, will not replace the chemical 
energy of the food-stuffs in maintaining the life processes. 

In what follows it will be shown that the ingestion of food 
may add to the heat production of the organism and diminish 
the necessity of heat production through chemical regulation 
in cold weather. Also it may very uncomfortably increase 
the production of heat and perspiration in warm weather, 
especially if protein be largely taken (p. 247). 

From this chapter the influence of climate is seen to be 
noteworthy. It explains why a temperature of —40° may be 
comfortably borne in winter, in the Adirondack Mountains, for 
example, if the air be dry and still; why a much warmer atmos- 
phere which is damp and windy may “cut to the bone” with 
cold; why a hot, dry climate may be entirely comfortable, when 
air at the same temperature laden with moisture may strike 
down many fatally and oppress every one; and how the effect 
of heat may be modified by the breezes and baths at the sea- 
shore. It does not explain the effect of the dry sirocco wind 
which blows from the Desert of Sahara, the universal depress- 
ant action of which has been attributed to unknown cosmic 
influences. 


CHAPTER V 
THE INFLUENCE OF PROTEIN FOOD 


PART I—NITROGEN EQUILIBRIUM 


Ir has been thought that protein is a food which is in itself 
sufficient for all the requirements of the body. Pfliiger' 
was able to keep a very thin dog in good condition and doing 
active exercise during a period of seven months, the sole diet 
being meat cut as free from fat as possible. Pfliiger says that 
the fat and glycogen content of the meat ingested could not 
have yielded sufficient energy to provide for the action of the 
heart alone. It must be remembered, however, that meat is 
not pure protein, but is mixed with salts and water. The 
simplest diet capable of maintaining the body in condition is, 
therefore, a mixture of materials or food-stuffs. Such a 
mixture of food-stuffs is called a food. A food-stuff is a 
material capable of being added to the body’s substance, or 
one which when absorbed into the blood-stream will prevent 
or reduce the wasting of a necessary constituent of the organ- 
ism. 

The food-stuffs are: 

Proteins (including albuminoids). 
Carbohydrates. 

Fats. 

Salts. 

Water. 

A food is a palatable mixture of food-stuffs which is 
capable of maintaining the body in an equilibrium of substance, 
or capable of bringing it to a desired condition of substance. 
The ideal food is a palatable mixture of food-stuffs arranged 


1 Pfliiger: ‘‘Pfliiger’s Archiv,” 1891, 1, 98. 
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together in such proportion as to burden the organism with a 
minimum of labor. These definitions are Voit’s. 

When protein alone is ingested by a normal adult it is very 
readily oxidized, and is only with the greatest difficulty 
deposited so as to form new tissue in the organism. 

In the early experiments of Bischoff and Voit the fact is 
recorded that a dog weighing 35 kilograms may excrete 12 
grams of urea in twenty-four hours, and the same dog after 
receiving 2500 grams of meat may excrete 184 grams, fifteen 
times as much. 

Voit? has shown that if that quantity of meat be adminis- 
tered which corresponds to what is oxidized in starvation, 
nitrogen equilibrium will not be established, but some of the 
body’s flesh will also be metabolized. This latter quantity 
grows steadily less if the amount of meat ingested be gradually 
increased until finally the point of nitrogen equilibrium is 
reached, at which the amount of meat ingested is equal to 
that destroyed in the body. To illustrate this Voit gives the 
following table, the results of work done on a dog: 


Grams MEAT Grams FLESH CHANGE 
ADMINISTERED. DESTROYED. IN THE Bopy. 

° 233 a) 

° 190 —190 

300 379 Ae 

600 665 —65 

900 O41 —4I 

1200 1180 +20 

1500 1446 +54 


Nitrogen equilibrium was not reached until 1200 grams of meat were given, 
or about five times the amount of the fasting protein metabolism. 

The above experiments were made in 1858. It is no longer 
customary to calculate the protein metabolism in terms of 
flesh destroyed, but in terms of nitrogen. The old-fashioned 
term “flesh”? meant meat with a nitrogen content of 3.4 
per cent. It served to illuminate the significance of metabo- 
lism at a time when few were instructed in this field of work. 

E. Voit and Korkunoff* have published a research of sim- 


1 Voit: Hermann’s Handbuch, “‘Stoffwechsel,” 1881, pp. 330, 344. 
2Voit: Ibid., 1881, p. 106. F ay f 
3. Voit and Korkunoff: ‘Zeitschrift fiir Biologie,” 1895, xxxii, 58. 
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ilar character. They fed a dog with meat which had been 
treated with lukewarm water to remove the extractives, and 
which was then squeezed in a press. This process removes 
most of the nitrogen-containing substances other than protein. 
A dog will readily eat this washed meat or “protein.”” The 
idea was to determine the minimum quantity of protein which 
it was possible to ingest and still maintain nitrogen equilibrium. 
The different quantities of meat tabulated below were given 
continuously for two or three days at a time. Only the results 
of the last day of each of these periods are quoted: 


Foon. Nin Foop. Nin Excreta. DIFFERENCE. 
Starvatlon.seeqcmen acme ° 3.996 — 3.996 
100 gm. meat ee ure ats ertees ALON 5-558 —1.458 
, 5-74 6.405 —0.755 
165 - Gornnnnssnes 6.77 CRE yf —0.447 
ToS Ee els content eae 7.59 7.804 —0.214 
ZOO MS NAS eater re . 8:20 8.726 —0.526 
230 Me ee eae een 10.579 —0.339 
Cloth taal ON tenis ice ia wc 11.99 12.052 —0.062 
BION free: ANe ye aetna 15.58 14.314 +1.266 
360 ee ae eee eet iOS 13.622 +0.058 
Starvation, third day..n.0)) eases 4.026 — 4.026 


The figures show that nitrogen equilibrium was reached 
only after supplying three and a half times the amount of 
protein metabolized in starvation. ‘The authors calculate that 
at this time of nitrogen equilibrium the dog was still losing 28 
grams of body fat, and that not much more than 50 per cent. 
of the total energy liberated in the organism was furnished by 
the protein metabolism of the time. One may thus have 
nitrogen equilibrium without having carbon equilibrium. 

Systems of diet for fat people are based on this knowledge. 
A loss of protein is highly undesirable, while a gradual loss of 
adipose tissue may be a great relief to the obese. 

Bornstein! finds that during a period of thirteen days he 
can add 8.3 grams of protein to his body and oxidize 90 grams 
of body fat daily when ingesting a mixed diet containing 1600 
calories with 118 grams of protein. Such a diet contains a 
fuel value less than the requirement of his organism (p. 279). 


1 Bornstein: ‘Berliner klinische Wochenschrift,” 1904, xli, 1192. 
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This cannot be accomplished without carbohydrate in the 
diet, for Thomas! finds that when a man is given protein alone, 
administered in fractional portions every two hours even to 
the extent of double the quantity of protein destroyed in 
fasting, nitrogen equilibrium cannot be obtained. This ex- 
periment is given below; 500 grams of meat contained 18.4 
grams of nitrogen, corresponding to about 115 grams of protein: 


A ee ar aes 6 7 | 8 | 9 10 Ir 12 13 14 15 

ee 
INI TOOR cme decile sWiicdys |i esas | 8.63| 8.63) 8.63) 15.54] 17.27] 18.39] 18.40] 18.30. 
N in urine......... 7.04 9-78| 12.90| 13.46] 14.42| 16.81] 18.92] 20.85| 21.50] 21.52 


+ N to body....... fia (Seana —4.79 | —4.79 | —6.31 | —1.79 | —2.17 | —2.97 | —3.62 | —3.64 


If the quantity of meat ingested be steadily increased after 
nitrogenous equilibrium has been reached, the protein metab- 
olism will gradually increase, nitrogenous equilibrium will be 
established at higher and higher levels, and there will be a cor- 
responding diminution in the amount of fat burned. This was 
shown in 1862 in the following experiment of Voit,? who 
gave different quantities of meat to a large dog weighing 30 
kilograms: 


INFLUENCE OF INGESTING INCREASING QUANTITIES OF MEAT 
Weights are in Grams 


RAG Erne GAIN OR GAIN OR 
INGESTED. Dusaates. a eel ene O2 CO2 R.Q. 
Ona rte. : 165 —165 —95 330 327 72 
ROO EIN: alas 599 —99 —47 341 356 -76 
FOOD ty ei 25 1079 —79 —109 453 403 74 
ESOC ceasne as 1500 ° +4 487 547 81 
itso hd erty 1757 +43 +1 _ 656 - 
BOON: pistes. +,° 2044 —44 +58 517 604. 84 
CEO pets hese k 2512 —I12 +57 - 783 — 


Nitrogen equilibrium existed after the ingestion of 1500 
grams of meat and there was also no loss of body fat (carbon 
equilibrium). When 2000 grams and even 2500 grams of 


1Thomas: “Archiv fiir Physiologie,” 1910 Suppl., p. 249. 
2Voit: “Stoffwechsel,”’ 1881, p. 117. 
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meat were supplied it was all destroyed, as was indicated by 
the amount of nitrogen in the urine, but a certain quantity of 
carbon belonging to the ingested protein was not eliminated in 
the respiration, but was retained in the body. This carbon 
Pettenkofer and Voit believed to have been laid up in the body 
in the form of fat. 

The respiratory quotient in the foregoing series gradually 
rises, as would be expected from the increasing prominence 
of the protein in the metabolism (p. 60). Meat alone will 
therefore support a dog. Rubner! says that a man cannot 
live on meat alone, not because the intestinal canal cannot 
digest it, but because of the physical limitations of the ap- 
paratus of mastication. A dog weighing to kilograms may 
ingest 1000 grams of chopped meat in forty-five seconds, while 
a man requires between five and ten minutes rapidly to cut 
and partake of 200 grams of good sirloin steak. 

A subject of interest in considering the value of protein in 
metabolism is that of the value of gelatin. Gelatin is an artifi- 
cial derivative of collagen, an albuminoid largely found in the 
skeletal structure of animals. Gelatin contains very nearly 
the same quantity of nitrogen as protein; it breaks up on chem- 
ical treatment into the same amino-acids, except that it does 
not yield tyrosin, cystin, and tryptophan. In the diabetic, 
gelatin yields the same amount of sugar as does protein.? 
To what extent gelatin may take the place of protein in the 
body’s metabolism has long been the subject of inquiry. 

It was shown first by Bischoff and Voit* that no matter 
how much gelatin was ingested, it was always completely 
burned, and some of the body’s protein in addition. There- 
fore gelatin never builds up new tissue, although it may some- 
what diminish tissue waste. Gelatin may be formed from 
protein in the body, but it cannot be reconverted into protein 
nor act like protein in metabolism. Kirchmann,‘ working 

1 Rubner: von Leyden’s “Handbuch der Ernahrungstherapie,” 1903, i, 42. 
? Reilly, Nolan, and Lusk: ‘American Journal of Physiology,” 1898, i, 395. 


3 Voit: Hermann’s Handbuch, ‘‘Stoffwechsel,”’ 1881, p. 306. 
‘Kirchmann: ‘Zeitschrift fiir Biologie,” 1900, xl, 54. 
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in the laboratory of Erwin Voit, has shown to what extent 
gelatin spares protein in metabolism. If one takes the amount 
of protein metabolism in starvation as one, then the ingestion 
of about the same quantity of gelatin reduces the body’s 
protein waste 23 per cent., and if eight times this amount of 
gelatin be given, the tissue waste may be reduced 35 per 
cent. In other words, the ingestion of 7.5 per cent. of the 
total heat requirement of the organism in the form of gelatin 
spares 23 per cent. of the body’s protein, while the ingestion 
of 60 per cent. of the requirement will only cause a decrease of 
35 per cent. in protein waste. Krummacher! showed that 
the ingestion of the full heat requirement of the animal in 
the form of gelatin reduced the fasting protein metabolism 
by only 37.5 per cent. It is evident that no matter how 
much gelatin be given, tissue protein continues to be destroyed, 
and it is also evident that a small quantity of gelatin has almost 
as great an effect as a large quantity. 

An extremely interesting experiment of Kauffmann? shows 
that when the lacking tyrosin, cystin, and tryptophan are 
mixed with gelatin in the proportions in which they occur in 
true protein, and are given to a dog or to a man, nitrogen 
equilibrium may be established. Abderhalden* confirms this 
in similar experiments. 

It is evident, therefore, that the value of the various pro- 
teins in nutrition may depend upon their constituent amino- 
acids, and this will be considered on another occasion (see p. 
372), zx 

It appears that protein bodies must be broken up into 
amino-acids before absorption in the intestine (p. 79). If 
this be true, then ingestion of the cleavage products of protein 
should maintain nitrogen equilibrium in the same way as the 
ingestion of meat. The first experiments in this direction 
were done by Loewi,‘ who gave a dog pancreas which had been 

1Krummacher: “Zeitschrift fiir Biologie,” 1901, xlii, 242. 

2 Kauffmann: ‘‘Pfliiger’s Archiv,” 1905, cix, 440. 


% Abderhalden: “Zeitschrift fiir physiologische Chemie,” 1912, Ixxvii, 22. 
4Loewi: “Archiv fiir ex. Path. und Pharm.,” 1902, xlviii, 303. 
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self-digested until all the protein had been converted into 
amino-acids, as was indicated by the almost complete dis- 
appearance of the biuret reaction. Fat and carbohydrates 
were given with the digest, and nitrogen equilibrium was 
obtained and even nitrogen retention accomplished. Thus, 
in one experiment covering a period of eleven days, proteolytic 
digestive products containing an average of 6.08 grams of 
nitrogen were given daily, of which only 5.19 grams were 
eliminated in the excreta, while the balance, or 0.89 gram of 
nitrogen, was retained in the body of the animal. This 
amounted to 9.79 grams of nitrogen-in eleven days. Ac- 
companying this nitrogen retention was one of 0.649 gram of 
phosphoric acid (P20;), an amount larger than was necessary 
for the upbuilding of new tissue from the nitrogen compounds 
retained. Loewi concluded that he had demonstrated the 
synthesis of new protein within the organism. 

Henderson and Dean! confirmed Loewi by finding that 
they could obtain nitrogen equilibrium by feeding a dog with ° 
the cleavage products of meat produced by treatment with 
sulphuric acid. 

Abderhalden and Rona? find that mice live on casein split 
with pancreatin as long as they do on casein alone; whereas 
they die much earlier if the casein has been submitted to peptic 
and then pancreatic digestion, or if it has been broken up by 
acid hydrolysis. Henriques and Hansen? also find that casein 
broken up by acid will not maintain nitrogen equilibrium in 
rats, but that if the pancreas of the ox and a small piece of the 
intestine of the dog (to furnish erepsin) be digested for two 
months at 40°, and the resulting material given to rats, ~ 
nitrogen equilibrium will be maintained. The authors further 
find that the mono-amino-acid fraction (the filtrate after 
precipitation with phosphowolframic acid) and also the 
alcoholic extract of the last-named digest maintain rats in 

° Henderson and Dean: ‘American Journal of Physiology,” 1403, ix, 386. 

2 Abderhalden and Rona: “Zeitschrift fiir Eerie has Chemie,” 1904, 


xlii, 528. 
8 Henriques and Hansen: Jbid., 1905, xliii, 417. 
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nitrogen equilibrium. The residue left after alcoholic ex- 
traction will not do so. 

Abderhalden and Rona! have accomplished a most interest- 
ing experiment upon a dog. The animal was given daily a 
constant quantity of non-nitrogenous foods which were: fat, 
25 grams; starch, 50 grams; cane-sugar, 1o grams; glucose, 
5 grams. The dog was brought into nitrogen equilibrium by 
giving him meat containing 2 grams of nitrogen. Then for this 
were substituted the amino cleavage products of casein, pro- 
duced by pancreatic digestion and also containing 2 grams of 
nitrogen. During sixteen days on this diet there was an 
average daily gain of 0.12 gram of nitrogen by the dog. Then 
casein hydrolized by acid and containing 2 grams of nitrogen 
was administered for ten days, during which time the dog lost 
0.48 gram of nitrogen daily. Amino products prepared after 
this fashion will, therefore, not preserve nitrogen equilibrium. 
Lastly, the diet was continued without any nitrogenous food. 
The daily waste of body nitrogen was then 0.53 gram. The 
loss was the same as when the casein hydrolized by acid was 
ingested, indicating that this particular array of cleavage prod- 
‘ucts had no protecting power over the body protein. 

Henriques? has hydrolized protein by digesting it with 
trypsin and erepsin and then treating with 20 per cent. 
sulphuric acid on the water-bath. The resulting material 
consists entirely of amino-acids with no admixture of poly- 
peptids, and if it still gives a pronounced tryptophan reaction 


it will support the organism in nitrogen equilibrium. Jn the: A 


absence of the single amino-acid tryptophan, nitrogen equilibrium 
cannot be attained. 

To complete the story, the work of Abderhalden* must be 
recited. Nitrogen equilibrium and even nitrogen retention 
were established in a dog when the diet contained instead of 
protein the following mixture of pure amino-acids: Glycocoll 

1 Abderhalden and Rona: “Zeitschrift fiir physiologische Chemie,” 1905, 
xliv, 198. 


2 Henriques: Jbid., 1907, liv, 406. 
8 Abderhalden: ‘‘Zeitschr. f. physiol. Chem.,”’ 1912, Ixxvii, 22. 
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5 grams, d-alanin ro grams, l-serin 3 grams, l-cystin 2 grams, 
d-valin 5 grams, l-leucin 10 grams, d-isoleucin 5 grams, 
l-aspartic acid 5 grams, d-glutamic acid 15 grams, |-phenyl- 
alanin 5 grams, l-tyrosin 5 grams, l-lysin 5 grams, d-arginin 5 
grams, |-prolin to grams, |-histidin 5 grams, and |-tryptophan 
5 grams. This mixture weighed 100 grams and contained 
13.87 grams of nitrogen. It is not unlike ox muscle in rela- 
tive composition (see p. 77). 

It is therefore proved that amino bodies resulting from 
certain proteolytic cleavages may be the equivalent in metab- 
olism of ingested protein itself. 

In practical dietetics these substances can have little value, 
as they tend to produce diarrhea, as do also albumoses and 
peptones when given in any considerable quantity.! As illus- 
trating this Cronheim? finds that though ‘‘Somatose” is more 
digestible than meat, still over 30 grams are undesirable in 
the daily diet of a man. 

It is certain that if there be a new construction of protein 
in the body from the amino-acids formed in digestion such 
new proteins are characteristic of the organism, and do not 
possess the properties of the proteins originally ingested. To 
illustrate this Abderhalden and Samuely’ gave to a horse 1500 
grams of gliadin, a vegetable protein which contains 36.5 per 
cent. of glutamic acid. They wondered if the ingestion of 
such a protein would in any way modify the composition of the 
proteins of the blood-serum, of serum globulin which under 
ordinary circumstances contains 8.5 per cent., and of serum 
albumin which contains 7.7 per cent. of glutamic acid. Their 
results were as follows: : 
INFLUENCE OF GLIADIN INGESTION ON THE PERCENTAGE OF 

GLUTAMIC ACID IN THE SERUM PROTEINS OF THE HORSE 


AFTER INGESTING 


NorMAat AFTER FASTING 1500 G. GLIADIN. 
EXPERIMENT. Day. 7 or 8 Days. Day r. Day 2. 
Lady oye 8.85 8.20 7.88 8.25 
Tee 9.52 8.52 8.00 


* Voit, F.: “Miinchener med. Wochenschrift,” 1899, xlvi, 172. 

2 Cronheim: “Pfliiger’s Archiv,” 1904, cvi, 17 

3 Abderhalden and Samuely: “Zeitschrift fir physiologische Chemie,” 
1905, xlvi, 192. 
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It is evident that gliadin, which contains so large a pro- 
portion of glutamic acid, is without influence on the composi- 
tion of the blood-serum. Abderhalden conceived that such 
proportions of the amino-acids within the gliadin complex 
as are available for the formation of new serum albumin and 
serum globulin were used for the generation of these proteins. 
Evidence that amino-acids enter the blood-stream directly 
from the intestinal tract has already been submitted. Fur- 
thermore, Henriques and Anderson! have administered con- 
tinuous intravenous injections of meat hydrolized with trypsin 
and erepsin to goats which had survived the operation of 
extirpating the intestines, and have noted nitrogen retention. 
From this they conclude that the intestine is not necessary 
for protein regeneration. 

It has already been stated (p. 74) that if the serum of a dog 
be injected into the blood-vessels of another dog the nitrogen 
of it will be eliminated in the urine. This is also true of pro- 
teins foreign to the organism, and these likewise act in a toxic 
manner to destroy body protein. Thus Mendel and Rock- 
wood? have shown that if edestin, a pure crystalline protein 
prepared from hemp seed, be injected intravenously into a 
fasting dog, there is for two days a metabolism of protein which 
is much greater than that of former days plus that of the 
edestin administered. The same truth holds when casein is 
injected. Similar injection of horses’ serum into dogs ap- 
pears to have no toxic action (Rona and Michaelis’). This 
work is of interest in connection, with the subject of anaphy- 
laxis, called also the Theobald Smith phenomenon, which has 
been especially investigated by Rosenau and Anderson. 
Injections of a protein foreign to the organism render the body 
sensitive to a second injection of the same protein. Large 
or small amounts of foreign protein may be injected in the 


__) Henriques and Anderson: “Zeitschrift fiir physiologische Chemie,” 1914, 
Xcli, 194. : 
2 Mendel and Rockwood: “American Journal of Physiology,” 1904, xii, 
O. 
3 Rona and Michaelis: “ Pfliiger’s Archiv,” 1908, cxxi, 163; 1908, cxxili, 4006. 
Ir 
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first instance without intoxication, but if the animal be once 
“sensitized” a small amount of the same protein will ter- 
minate the animal’s.existence. It has recently been stated 
by Wells! that the injection of so minimal an amount as 
zoveve gram of pure crystalline egg-albumin will “sensitize” 
a guinea-pig so that a subsequent injection into the blood 
of 75 milligram of the same substance is lethal, although such 
a dose given in the first instance would not have injured the 
animal. It is evident, therefore, that the alimentary canal 
cannot allow the passage of proteins without changing them. 
This also explains the complete immunity of the organism to 
snake venom which has been swallowed. 

The effect of copious drinking of water upon protein metab- 
olism has been made the subject of various studies. A small 
increase in nitrogen elimination has usually been noted. ‘This 
was first established by Voit, who explained it as due to an 
increased circulation which influenced the flow of the intra- 
cellular fluids. Heilner? has shown that giving 2000 c.c. of 
water to a fasting dog on two successive days raises his 
urinary nitrogen from 3.15 grams to 4.09 and 3.58 grams on 
the two days of water ingestion, and then the nitrogen excre- 
tion falls to 2.22 and 2.62 on the following days. In this 
experiment the carbon dioxid excretion was very slightly 
increased and the temperature of the dog was not affected. 
The quantity of urine rose from go to 2050 c.c. 

Straub’ found that an extra ingestion of 2000 c.c. of water 
in a man who was in nitrogen equilibrium on a diet containing 
20.56 grams of nitrogen had no effect on protein metabolism; 
whereas Hawk,‘ who gave less protein nitrogen but more water, 
found that the ingestion of 4500 c.c. of water caused the urinary 
nitrogen to rise from 11.03 to 12.48 on the first day, and 11.82 
on the second day, with a fall to 10.91 grams on the suc- 


‘Wells: Proceedings of the Society for Experimental Biology and Medicine, 
1908, vi, I. 

? Heilner: ‘Zeitschrift fiir Biologie,” 1906, xvii, 541. 

3 Straub: Ibid., 1899, xxxvii, 527. 

4Hawk: “University of Pennsylvania Medical Bulletin,’ March, 1905. 
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ceeding day when no water was given. Hawk interprets the 
action of copious water drinking as twofold: first, to cause a 
removal of any accumulation of nitrogenous decomposition 
products from the organism, as was indicated by the greater 

increase of 12.8 per cent. in the nitrogen elimination of the 
first day; and, second, to cause a true increase in protein 
metabolism, as was indicated by the smaller increase of 6.8 
per cent. on the second day of water ingestion. 

Abderhalden and Bloch! have given a fixed diet to a person 
suffering from alkaptonuria (see p. 178) and on one of the days 
of the experiment have caused him to ingest 5 liters of water. 
The results of their analyses gave the following figures: 


Ni HOMOGENTISIC 
N BALaNnce. URINE. Aci. 
Normal Pood)... seai cee +1.36 18.2 10.52 
“ +5L.Water —2.19 21.75 10.18 
SoG Sie a ees +1.47 18.09 10.27 


Abderhalden believes that the constancy of the output of 
homogentisic acid indicates a constancy of protein metabolism 
throughout, whereas the rise in total nitrogen elimination in 
the urine represents a washing out of the nitrogenous end- 
products as a result of the large ingestion of water. 

One of the striking characteristics of starvation metabolism 
was shown to be its extreme regularity from hour to hour and 
from day today. What, then, is the hour-to-hour metabolism 
after meat ingestion? 

The classical experiments of Voit? and of Feder* have been 
more fully worked over by Gruber. Gruber‘ fed a dog with 
500, 1000, and 1500 grams of meat on different days. He 
collected the urine every two hours after the meal and deter- 
mined the nitrogen output. The curves of nitrogen elimi- 
nation under these circumstances are as follows: 


1 Abderhalden and Bloch: “Zeitschrift fiir physiologische Chemie,” 1907, 
lili, 464. 
” 2 Voit: “Physiologische Untersuchungen,” Augsburg, 1857, p. 42. 
3 Feder: ‘Zeitschrift fiir Biologie,” 1881, xvii, 541. 
*Gruber: Ibid., 1901, xlii, 421. 
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Fig. 12.—1, After 500 g. meat + sog. fat + 350.c. water; 2, after 1000 g. 
meat + 200 c.c. water; 3, after 1500 g. meat + sooc.c. water. On each of these 
days the animal was in nitrogen equilibrium. 


It is evident that there is an early elimination of protein 
nitrogen which here reaches a maximum between five and seven 
hours after feeding, and that the hour of the maximum excre- 
tion is delayed by increasing the quantity of meat ingested. 

It is apparent, therefore, that the protein metabolism as 
illustrated by the curve of nitrogen elimination is quite 
different from its even metabolism in starvation. 

Haas! in experiments on man finds that the curve of nitro- 
gen elimination after a breakfast consisting of milk, bread, 
butter, and cheese always shows two maxima, the first in the 
second hour and the second in the fifth. The first rise in the 
curve is due to the removal of nitrogenous end-products already 


1 Haas: ‘“Biochemische Zeitschrift,”’ 1908, xii, 203. 
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in the system and is caused by the early absorption of liquids 
taken with the food. The second rise corresponds to the 
absorption of food protein. Haas believes this to be the true 
explanation, because if diuresis be first induced by drinking 
tea, with a consequent washing out of urea from the body, 
then partaking of breakfast no longer causes so high a primary 
rise of nitrogen elimination, nor is the total elimination so 
great as in the experiments without preliminary diuresis. 
The experiment shows that for short periods the nitrogen 
excretion is not a true index of urea production. Severe 
muscular work has no influence upon the character of the curve 
described except when the quantity of urine produced is 
diminished, in which case the urea elimination is also reduced. 

Confirming Albarran,! Barringer and Barringer? note that 
the volumes and the nitrogen content of the urine from the 
two kidneys are almost identical. 

Urea in the organism undergoes no chemical change; there 
is no reversible reaction in the sense of ammonia formation.’ 
When urea is retained in the body it is found widely distrib- 
uted in all the tissues excepting fatty tissue; if it be admin- 
istered intravenously to a dog diffusion to all parts of the body 
is complete in a few minutes. A concentration of 1.2 per 
cent. may sometimes be reached in the dog, though one of over 
I per cent. is usually fatal. 

The amount of urea excretion is found to be closely parallel 
to the urea concentration of the blood. This relation was 
formulated in Ambard’s laws of urea elimination.® 

(rt) When the concentration of urea in the urine is constant 
the quantity of urea excreted in the urine varies propor- 
tionately to the square of the concentration of urea in the 
blood. 

(2) When the concentration of urea in the blood remains 


‘ Albarran: “Exploration des fonctions rénales,” Paris, 1905, p. 329. __ 
2 Barringer and Barringer: “Amer. Jour. of Physiology,” 1910-11, xxvii, 
119. : 
’ Janney: “Zeitschrift fiir physiologische Chemie,” 1911-12, lxxvi, 99. 
4 Marshall and Davis: “Journal of Biological Chemistry,” 1914, xvili, 53. 
5 Ambard: ‘Comptes rendus société de biologie,” 1910, Ixii, 506. 
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constant the quantity excreted in the urine varies inversely as 
the square root of the concentration in the urine. 

From these laws Ambard’s coefficient or constant for the 
urea elimination through the kidney of human subjects was 
evolved. Arbitrary standards of normal weight, such as 70 
kilograms, and of urea excreted in twenty-four hours, such as 
25 grams, were adopted in the formula, which is as follows: 


Ur 
= Kor Constant of Ambard. 
1 70 Te 
iR) owls —= 
x Wt x 25 
Ur = Urea per liter of blood in grams. 
D = Urea in urine in twenty-four hours in grams. 
Wt'= Weight of patient in kilograms. 
C = Concentration, or grams urea per liter of urine. 


Ambard found the constant in normal individuals varied 
between 0.06 and 0.07. McLean,! who has used more ac- 
curate methods for measuring urea, finds the constant to be 
nearer 0.08, with wider variations than French observers found. 
This coefficient is being applied to determine kidney efficiency 
in renal disease. When the coefficient is found to be much 
increased, then urea is being retained by the organism on 
account of renal insufficiency. 

Citing from McLean and Selling,? the following results 
may be given: 


UrEA N 
AMBARD’S 
PERSON. Time. In Urine. CoErFrI- 
CIENT. 
In Bioop. 
In 24 Hours.| Per Liter. 
F. C. M. | Forty-five minutes after] Ms. Grams. Grams. 
TOR) WTCA ae eee ee 24 24.6 16.4 0.068 
F. C. M. | Three days low protein 
dist. 3c. oth ee eee 14 6.9 9-7 0.085 
H. K. A. | After heavy dinner.... 22 11.4 11.6 0.088 
B. Nephritici.... see 20 9.6 7.6 0.150 


1McLean: ‘Journal of Exp. Medicine,” 1915, xxii, 212. 
2 McLean and Selling: ‘Journal of Biological Chemistry,” 1914, xix, 31. 
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In some interesting work Pepper and Austin! find that after 
giving goo grams of meat to a dog the non-protein nitrogen in 
the blood rises rapidly from 20 to 60 mg. per too c.c., and the 
urinary nitrogen rises from 0.15 gram to 1.1 grams per hour. 

It is evident from this analysis that the curve of nitrogen 
elimination is not an exact indicator of the time relations of 
the breaking up of amino-acids in the body, for a part of 
the urea formed accumulates in the blood and is not at first 
eliminated in the urine, and too low a protein metabolism may 
thus in error be computed. Later, with a diminished absorp- 
tion of amino-acids and diminished production of urea, the 
excess. which is not attributable to the metabolism of the 
moment is eliminated from the blood, and the urinary nitrogen 
of these hours will give too high figures if used to compute the 
protein metabolism of short periods (see p. 173). 

It may here be noted that the elimination of sodium 
chlorid follows Ambard’s laws in the behavior of that quantity 
which is in excess of 5.62 grams of NaCl per liter of blood- 
plasma? (see p. 523) which is the threshold value of elimina- 
tion by the kidney. 

It was shown by Rubner,? who gave washed meat contain- 
ing 24.72 grams of nitrogen to a dog daily for three days, that 
the sulphur elimination preceded that of the nitrogen, while 
‘that of phosphorus followed it. The results of the third day, 
at a time when the dog was essentially in nitrogen equilibrium, 
are divided into six hourly periods and are given below: 


a Or too Per CENT. WERE EXCRETED 
PERIOD. Sh N. e 
Ss; N. P: 
tS PA eae 0.448 ai 12.4 36.7 24.8 16.0 
18 eae Ee 0.387 8.94 23.1 ewes) 39.8 ae 
ULES RE cosets 0.257 5.22 20.7 2000 23.6 33-4 
1 en ae 0.131 2.66 20.3 10.5 11.8 18.5 
1.223 22.40 18.4 


1 Pepper and Austin: ‘Journal of Biological Chemistry,” 1915, xxii, 81. 
2 For discussion, see McLean, loc. cit. 
3 Rubner: ‘‘Gesetze des Energieverbrauchs,”’ 


1902, 368. 
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The elimination of sulphur more rapidly than nitrogen after 
meat ingestion has been confirmed by von Wendt! inman. It 
appears that the end-products of the metabolism of sulphur- 
containing cystin appear in the urine more rapidly than urea, 
while phosphorus, which is an end-product of nuclein metab- 
olism, makes its appearance more slowly. 

Two explanations of the early elimination offer themselves: 
one, that the sulphur-containing cystin radicle is oxidized with 
exceptional ease; two, that the sulphur compounds may not 
accumulate in the organism as does urea. Variations in the 
rate of sulphur elimination may also undoubtedly be in- 
fluenced by bacterial activity. 

If in man various proteins be added to an already suffi- 
cient mixed diet (superposition experiments), the rate of de- 
struction of the added protein as indicated by the extra N 
eliminated in the urine varies with the character of the protein. 
Such experiments were first devised by Falta,? who established 
the following classification of proteins in the order of the 
rapidity of their destruction: a, gelatin, casein, serum albu- 
min, fibrin; b, blood globulin; c, hemoglobin; d, egg-albumin. 
Hamalainen and Helme® continued these experiments and 
they also investigated the elimination of sulphur and phos- 
phorus. They gave a man weighing 66 kilograms a diet 
containing 3650 calories and 5 grams of nitrogen. On this 
diet they superimposed on different days the following amounts 
of proteins: 


800 g. white of egg = 14.40g.N + 1.56 g.S. 
57 g. proton = 6.94g.N + 0.419 g. 5S. 
320 g. veal = 13.44 g.N + 0.8328.S. 


and noticed the time of the elimination of nitrogen, sulphur, 
and phosphorus through the kidney. It was six days before 
all the nitrogen of the ingested white of egg was eliminated, 
whereas that in veal and proton required only two or three 
days. This is evident from the following table: 

1von Wendt: ‘“‘Skan. Archiv fiir Physiologie,” 1905, xvii, 211. 


2 Falta: “Deutsches Archiv fiir klinische Medizin,” 1906, Ixxxvi, 517. 
’ Hamaldinen and Helme: “Skan. Archiv fiir Physiologie,” 1907, xix, 182. 
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DAILY PERCENTAGE ELIMINATION OF THE NITROGEN, SUL- 
PHUR, AND PHOSPHORUS OF INGESTED PROTEIN SUPER- 
IMPOSED ON AN ADEQUATE DIET 


EGG-WHITE. PROTON. VEAL. 
Day. 

N. S. N. S. N. Ss. Lek 
Tikes anegoeeO.e cP S eR MEI REN ER TS ec 21 41.4 64 90 56 74.2 60 
BPS Ceayeencie vistas see ie gos 21 32.2 Io Io 26 17.8 24 
Seis Udi ae Ce een oe ten: 22 14.4 13 ate 18 8.0 16 
MR eS hs cnet Mee hans Se II 4.3 13 
Gonitd Sok Seen eee Eee tee 14 5-5 
(Oo aeer Gigi can eae ee ates 2 00 2.4 


The rapidity of the sulphur elimination is everywhere 
noticeable. The “nitrogen lag’ in the case of white of egg is 
pronounced and may be due to the retention of peptids which 
are only slowly metabolized, or it may be due to thé retention 
of amino-acids themselves. 

Mendel and Lewis! suggest that the flattened curves of 
nitrogen elimination found after the ingestion of egg-white or 
ovalbumin may, to a great extent, be explained by a difference 
in the rate and completeness of the absorption of these sub- 
stances when contrasted with the behavior of meat, casein, 
ovovitellin, edestin, gliadin and gelatin, between which little 
difference could be observed. 

Cathcart and Green? have superimposed egg-albumin upon 
a vegetarian diet in man. In egg-albumin the ratio S: N is 
1:8. The S:N of the urine in starvation is 1:15, but after 
ingesting egg-albumin it was found to be 1: 9.8. This indi- 
cates a high specific oxidation of sulphur, and leaves a residuum 
of amino-acids suitable for regrouping into a pabulum of “‘de- 
posit protein” which is poor in sulphur. It remains to be 
shown, however, whether such “‘deposit protein” if metabolized 
during the early days of fasting will give indication of a low 
sulphur content. 


1 Mendel and Lewis: “Journal of Biological Chemistry,” 1913-14, xvi, 75. 
2 Cathcart and Green: ‘Biochemical Journal,” 1913, vii, 1. 


170 SCIENCE OF NUTRITION 


Sherman and Hawk! give curves showing beautifully an 
almost parallel elimination of sulphur and nitrogen in man on a 
mixed diet. A curve showing this is here presented: 


Fig. 13.—The curves here shown represent the relative fluctuations in the 
average rates of excretion of nitrogen and SO3;. The values on the left repre- 
sent percentages of an assumed standard rate of excretion for each of these con- 
stituents. It will be seen that in general the excretion of sulphates ran quite 
closely parallel to that of nitrogen. 


Wolf? presents similar curves after giving veal cutlets or 
casein toa man. It is evident that the early elimination of 
sulphur does not always appear. Wolf also describes experi- 
ments in which after the ingestion of a liter of.raw white of egg 
by aman the maximal elimination of urinary sulphur followed 
that of urea by several hours. In this instance the ingesta 
contained 16.6 grams of nitrogen, and the urine during twenty- 
four hours only 8.7 grams. This indicates that a large fraction 
of the protein had a fate which is purely speculative. 

If we pass from the consideration of protein metabolism, as 
indicated by the nitrogen curve, to the consideration of the 
intermediary metabolism of protein we can see more clearly 
that the curve of protein nitrogen excretion is not a true index 
to the sum of the activities contributed to the cells by protein 
metabolism. 


1 Sherman and Hawk: ‘Amer. Jour. of Physiology,” 1900, iv, 43. 
? Wolf: “‘Biochemische Zeitschrift,” 1912, xl, 193, 234. 


CHAPTER VI 


THE INFLUENCE OF PROTEIN FOOD (Continued) 
PART II—THE INTERMEDIARY METABOLISM 


THE term “intermediary metabolism” with which so much 
modern work is intimately associated was used by Bidder and 
Schmidt on the first page of their celebrated “‘Verdauungssafte 
und Stoffwechsel,” published in 1852. Their conception of 
the breakdown of protein has already been cited. 

Voit! believed that there was an early cleavage of the pro- 
tein molecule into a nitrogenous portion and a non-nitrogenous 
portion, a cleavage involving the liberation of only a small 
amount of energy; that there was a rapid combustion of the 
nitrogenous radicle, as shown by the elimination of the nitrog- 
enous end-products in the urine; and that the non-nitrogenous 
radicle which contained the major part of the potential energy 
of the protein molecule might in part be temporatily stored 
either as glycogen or fat and be gradually doled out to the 
tissues as the need required. . 

Claude Bernard believed that glycogen could arise from 
protein. Wolffberg? let fowls fast two days to remove the gly- 
cogen and then for two days gave meat powder which was 
free from carbohydrate. Two fowls, killed during the inter- 
val of protein digestion, showed considerable glycogen in 
their livers (1.56 and 1.45 per cent.) and muscles (0.251 and 
0.454 per cent.), much more than would have been present in 
starvation. Two similar fowls, killed seventeen and twenty- 
four hours after the last protein ingestion, contained much less 
glycogen in their livers (0.145 and 0.22 per cent.) and muscles 
(0.211 and 0.162 per cent.). This origin of glycogen from pro- 
tein was fully confirmed by Kiilz in a very extended series of 


 1Voit: “Zeitschrift fiir Biologie,” 1891, xxviii, 291. 
2 Wolffberg: Ibid., 1876, xii, 278. 
3 Kiilz: “ Ludwig’s Festschrift,’”’ 1890, p. 83. 
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experiments in which chopped meat, fully extracted with warm 
water, was made the basis of the ingesta. It became evident 
from these experiments that if sufficient protein were given to 
an animal, part of the protein carbon could be retained as 
glycogen. 

It has long been believed that sugar arises from protein in 
diabetes. Kossel,! who knew that hexone bases, leucin, and 
other protein end-products contained six atoms of carbon, first 
suggested a relation between them and glucose. The theory 
of the origin of sugar in diabetes from these amino products 
was strongly advocated by Friedrich Miiller.2 The definite 
proof of this was afforded by Stiles and Lusk,? who gave a 
mixture of amino bodies prepared by the pancreatic proteolysis 
of meat to a dog rendered diabetic with phlorhizin. The 
mixture was free from protein. The nitrogen ingested was 
entirely eliminated in the urine, and for each gram of such 
nitrogen 2.4 grams of extra sugar appeared in the urine. 

Considerable sugar may originate from protein in the course 
of its ordinary metabolism. The question arises at what 
time during the metabolism does this sugar become avail- 
able for combustion in the organism? ‘This question was 
answered by an experiment of Reilly, Nolan, and Lusk.‘ 
These authors gave a fasting phlorhizinized dog 500 grams of 
meat and collected the urine in two three-hour and one 
six-hour periods. The results were as follows: 


EXCRETION OF GLUCOSE AND NITROGEN BEFORE AND 
AFTER INGESTING 500 GRAMS OF MEAT IN DIABETES 


GLUCOSE. NITROGEN. D:N. 
Preceding three hourss.-- wees see ee 5-90 i Weer 3.41 
First three hours after feeding.......... 12.43 2.52 4.92 
Second three hours after feeding........ 14.70 3.76 “3.91 
Third three hours after feeding......... 11.23 3.85 2.92 
Fourth three hours after feeding........ T2203 3.85 2.92 
Following three hours,..............-- 6.34 1.78 3.56 


1 Kossel: ‘‘ Deutsche medizinische Wochenschrift,” 1898, xxiv, 581. 

? Miiller and Seemann: Ibid., 1899, xxv, 200. 

3 Stiles and Lusk: ‘‘American Journal of Physiology,”’ 1903, ix, 380. 

4 Reilly, Nolan, and Lusk: ‘‘ American Journal of Physiology,”’ 1808, i, 395. 
For similar work after giving casein, serum albumin, gliadin, and edestin with 
separation of urine in hourly periods, consult Janney: ‘Journal of Biological 
Chemistry,” 1915, xx, 321. 
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The normal fasting relation between glucose and nitrogen 
changed immediately upon the ingestion of meat. During the 
first hours more glucose was eliminated than corresponded 
to the nitrogen in the urine. During the later hours this 
proportion was reversed. The sugar elimination, therefore, 
took place decidedly before that of the nitrogen. This is 
shown in the following calculation of the percentage elimination 
of nitrogen and glucose in three-hour periods following the 
ingestion of 500 grams of meat in the above experiment: 


GLUCOSE. NITROGEN. 
During first three hours............... 25.06 18.02 
During second three hours............ 29.64 26.90 
During third three hours?..2........-+ 22.05 27.54 
During fourth three hours............. 22.65 27.54 

100.00 100.00 


The relations are represented in the following curve: 


Grams LV. for d3hrs. Grams D. for 3hrs 
We euleasn Be 


fractm 
suaeee 
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Nitrogen. 
——— Dextrose. 


Fig. 14.—Curve showing the elimination of glucose before nitrogen after meat 
ingestion (500 grams) in diabetes. 
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That the glucose production from the meat ingested was 
proportional to the protein destroyed is evident from the fol- 
lowing comparison, in which the sum of the glucose and nitro- 
gen eliminated in the twelve hours is considered. Nitrogen 
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and glucose double in quantity after the ingestion of meat, 
but their ratio remains the same as in starvation. 


GLUCOSE. NITROGEN. D:N. 
Fasting twelve hours! cae enact: 23.87 7.00 3-41 
After 500 gm. meat, twelve hours...... 49.59 14.00 3-54 
Subsequent twelve hours.............. 25.36 roe 3.56 


The curve shows that there is an early production of sugar 
from protein which may be liberated in metabolism before the 
nitrogen belonging to the protein is eliminated in the urine. A 
similar early production of sugar from protein has also been 
observed after feeding dogs with meat in pancreas diabetes.! 

Since 1 gram of nitrogen in the urine represents a destruc- 
tion of 6.25 grams of meat protein, and since there is simultane- 
ously an average elimination of 3.65 grams of glucose in phlor- 
hizin diabetes, it may be calculated that the sugar production 
from meat amounts to 58 per cent. by weight of the meat pro- 
tein metabolized and may contain 51 per cent. of its total 
available energy (see p. 471). 

Another calculation shows that of the carbon trom protein 
which is ordinarily eliminated in the respiration 57.2 per cent. 
may pass through the glucose stage (see p. 470). 

After the ingestion of protein in the normal organism this 
sugar early becomes available and may be oxidized before the 
nitrogen belonging to it is eliminated, or if the sugar be formed 
in excess, it may be stored as glycogen in the liver and muscles 
of the body for subsequent use. In this way it is obvious that 
at least half the energy in protein may be independent of the 
curve of nitrogen elimination, but may rather act as though it 
had been ingested in the form of carbohydrate. This will be 
explained in the next chapter. It is therefore evident that 
this carbohydrate, which is early supplied in the breaking 
down of protein, may distribute its energy according to the 
requirement of the cells as long as it lasts. This is apparently 
the principal cause of the comparative evenness of the carbon 


‘Berger: Inaugural Dissertation, Halle (Nebelthau), 1901; cited from 
Maly’s “‘Jahresbericht iiber Thierchemie,” xxxi, 848. 


THE INFLUENCE OF PROTEIN FOOD 175 


dioxid excretion as contrasted with the great irregularity of the 
nitrogen elimination after protein ingestion. 

Pfliiger who, longer than any physiologist, denied the 
validity of any existing proof that glucose arose from protein, 
was in his old age ultimately convinced by the following 
experiments. He! found that when dogs were allowed to 
fast for ten days and then made diabetic by an injection of 
phlorhizin the glycogen of the liver amounted to o.1 per cent. 
and of the muscles to 0.2 percent. If dogs reduced to this con- 
dition were given large quantities of codfish (which contains 
only 0.03 per cent. glycogen) the glycogen content of the liver 
averaged 6.5 per cent., and in one case rose to 9.9 per cent., 
and the glycogen content of the muscle averaged 1 per 
cent. Since fat ingestion was without effect upon the gly- 
cogen store, Pfliiger acknowledged the origin of glucose from 
protein. 

It must be borne in mind that it is not very long ago that 
it was perfectly permissible to think of protein as a complex 
containing many glucose molecules existing in a highly poly- 
merized condition and combined with nitrogen-containing 
radicles, of which glycocoll, leucin, and tyrosin at least were 
readily obtainable as cleavage products. Such a molecule 
explained the older conceptions of protein metabolism. The 
work of Hofmeister, Kossel, and Emil Fischer first gave a 
true insight into the composition of the protein molecule. 
One must know the life history of sixteen amino-acids 
in order to be familiar with the metabolism of protein. 
Though the extension of knowledge may have been at the 
cost of simplicity, yet order is being wrought out of apparent 
complexity. It is often difficult for an older generation to 
think in terms of the knowledge of a new. The author’s 
father was a student at Heidelberg at the time when the mod- 
ern chemical formule were introduced, when H—O became 
H,0, and he recalled the distracted exclamation of one of the 
university professors, ‘“Ach Gott! wie kann man so lernen!”’ 


1 Pfliiger and Junkersdorf: ‘‘Pfliiger’s Archiv,” 1910, cxxxi, 201. 
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The intimate knowledge of the behavior of the amino- 
acids within the body may be studied by a variety of 
means. 

1. The direct removal in the urine of certain of the amino- 
acids, such as glycocoll and cystein, or the removal of slightly 
changed products, such as homogentisic acid from tyrosin 
and kynurenic acid from tryptophan. 

2. The determination in the urine of a dog made diabetic 
by phlorhizin of the quantity of “extra glucose” eliminated 
after the ingestion of certain amino-acids, and the determina- 
tion of an increase in the quantity of B-oxybutyric acid after 
the administration of other amino-acids under like conditions. 

3. The results of experiments in which an amino-acid is 
added to warmed oxygenated blood and this perfused through 
a surviving liver, subsequent analysis of the blood revealing 
any chemical change which the material might have under- 
gone. 

It should be remembered that when amino-acids are in- 
gested the resulting nitrogen increase in the urine is entirely 
due to urea.!. The same is true of the dipeptid glycyl-glycin? 
(see p. 75). It is believed that the deamination of an amino- 
acid results in the formation of ammonia, which, becoming 
ammonium carbonate, may be converted into urea. Yet 
experiments in vitro have failed to demonstrate this action. 
Gertrude Bostock* found that the liver and intestinal mucosa 
failed to deaminize alanin. Levene and Meyer‘ find that 
leukocytes and kidney tissue do not deaminize glycocoll, 
alanin, aspartic acid, and leucin. Griesbach and Oppen- 
heimer> are of the same opinion. Thus the characteristic 
biologic reaction of deamination is effected through the activity 
of living tissue cells. Special enzymes are nowhere in evidence. 

For the understanding of the biochemic relations of the 


1 Levene and Kober: ‘‘American Journal of Physiology,” 1909, xxiii, 324. 
2 Levene and Meyer: Ibid., 1909-10, xxv, 214. 
3 Bostock: ‘Biochemical Journal,” 1911, vi, 48. 
“Levene and Meyer: ‘Journal of Biological Chemistry,” 1913, xv, 65; 
I9I 3- 14, XVi, 555 : 
6 Griesbach and Oppenheimer: ‘‘ Biochemische Zeitschrift,” 1913, lv, 329. 
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various amino-acids it seems desirable to present as briefly as 
possible the laws governing their fate in the organism.} 


THE PROCESS OF DEAMINATION 


The nature of the attack of the living cell upon the NH: 
group of the amino-acids has been the subject of much in- 
vestigation. The process was at first thought to be one of 
simple hydrolysis, as follows: 


R—CHNH:—COOH + HOH = R—CHOH—COOH + NH; 


After this fashion glycocoll, CHz.NH2—COOH, would become 
glycollic acid, CH:,OH—COOH; alanin, CH;—CHNH.— 
COOH, would become lactic acid, CH;—CHOH—COOH, 
and so forth. 

It was Otto Neubauer,? in the laboratories of the second 
medical clinic of the University of Munich, who first showed 
that the process of deamination might be one of oxidation and 
not hydrolysis. This process of oxidative deamination is 
represented in the following formula: 


R—CHNH:—COOH + O = R—CO—COOH + NH; 


From glycocoll, CH,NH2,—COOH, one would thus obtain gly- 
oxylic acid, CHO—COOH;; and from alanin, CH; -CHNH.— 
COOH, pyruvic acid, CH;—CO—COOH. 

That this method of oxidation is actually possible in the 
organism was evident when Neubauer gave phenyl-glycocoll to 
a dog and found phenyl-glyoxylic acid as well as mandelic acid 
in the urine. 


; Ast C,H; 4 CeHs 

vam: oe ie CHOH 

COOH COOH COOH 
Phenyl-glycocoll. Phenyl-glyoxylic acid. : Mandelic acid. 


1 For excellent reviews, see Dakin: ‘‘Oxidations and Reductions in the 
Animal Body,” Longmans, Green and Co., 1912; Underhill, ‘““The Physiology 
of the Amino-Acids,’’ Yale University Press, 1915. 

2 Neubauer: ‘‘ Deutsches Archiv fiir klinische Medizin,” 1909, xcv, 211. 


I2 
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Further evidence was obtained by Neubauer through the 
medium of a rare anomaly of human metabolism called 
alcaptonuria (see p. 196). In this disease tyrosin and phenyl- 
alanin are not oxidized to their usual end-products, but are: 
eliminated in the urine as homogentisic acid. The trans- 
formation of phenyl-alanin and tyrosin into homogentisic 
acid is believed to follow the scheme presented below: 


I 
OH OH ome 
be aos ! ! of Ne 
| | | oe ig 
AS 4 OH OH 
I rt Ny ee eee eee ae ON are 
oe fae HO ee fee ie 
CHNH2 CO CO CO COOH 
| Homogentisic acid. 
COOH COOH COOH COOH 
Tyrosin. p-Oxyphenyl-pyruvic Quinoid inter- Hydroquinone 
i. acid. perma haath pyruvic acid. 
thetical} 
() 
ei 
= 
ane: 
COOH 


Pheny]-alanin. 


It will be noted that the alanin radicle, CHa—CHNH.— 
COOH, is represented as undergoing oxidative deamination, 
being converted into pyruvic acid. Neubauer drew this 
conclusion from the fact that if phenyl-alanin, tyrosin, or 
p-oxy-phenyl-pyruvic acid were given to the alkaptonuric 
patient they all appeared in the urine as homogentisic acid, 
whereas when p-oxy-phenyl-lactic acid was given there was no 
increase in the homogentisic acid excretion whatever. Con- 
sequently it could not have been an intermediary product in 
the metabolism of tyrosin. Neubauer, therefore, concluded 
that the primary pathway of deamination was oxidative and 
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not hydrolytic. Later he! presented the following formula as 
indicating the probable reaction of oxidative deamination: 


CeHs C.Hs CeHs 
ve pan | 
we “9 
Cc + O Cc — CO + NH; 
AS a | 
NH, NH: 
COOH COOH COOH 
Amino-acid. Oxy-amino-acid. Keto-acid. 


Alanin, for example, would follow this pathway: 


CH; CH; CH; 
H vata 
x 

Cc + 0 CG — CO + NH; 

IX, ac | 

NH; NH: 

COOH COOH COOH 
Alanin. Oxy-amino-propionic acid. Pyruvic acid. 


Examination of the formula given for the conversion of 
phenyl-alanin into homogentisic acid shows that the alanin 
radicle of phenyl-alanin is converted into an acetic acid radicle 
in homogentisic acid. The question arises whether the first 
step in the destruction of phenyl-alanin might not be the loss 
of its acid group by CO: cleavage, as indeed happens when it 
is acted upon by bacteria,” and as is usual in the transformation 
of cystein into taurin. 


C.Hs rag ace CH.2SO;H 
fe —_— e CHNH2 _—_~ CH2NH2 
CHNH: CH.NH, = 2C00H CO; 
aes OO os Cystein. Taurin. 
COOH CO, 
Phenyl-alanin. Phenyl-ethyl-amin. 


As phenyl-ethyl-amin is poisonous, its first oxidation prod- 
uct, phenyl-ethyl-alcohol, was given by Neubauer to the al- 
kaptonuric, but without increasing the quantity of homogen- 
tisic acid. It appeared in the urine as phenyl-acetic acid 
a 1 Neubauer and Fromherz: “Zeitschrift fiir physiologische Chemie,’’ 1910, 


» 326. 
2Spiro: ‘Hofmeister’s Beitrage,”’ 1902, i, 347. 
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(paired with glycocoll). This indicates that oxidative 
deamination takes place in the metabolism of phenyl-alanin 
before COs, is split from the acid radicle. The CO: cleavage 
follows deamination, as appears in the formula given for the 
transformation of hydroquinone-pyruvic acid into homo- 
gentisic acid. It follows from this that after the oxidative 
deamination of an amino-acid, the deaminized remainder may 
be converted into an acid containing one less carbon atom, as 
follows: 


R R R R 
( dn Oy, of 
cunu, + 0 CO C0 + 0 COOH 
COOH coon COz 


If after producing the aldehyde by CO: cleavage, reduction 
prevails instead of oxidation, then an alcohol is formed in- 
stead of an acid. This may be illustrated by the work of F. 
Ehrlich,! who found that when yeast acted on tyrosin the end- 
product was p-oxy-phenyl-ethyl-alcohol, OH—C,H.—CH2- 
CH.OH. Neubauer and Fromherz, continuing their theo- 
retic researches, discovered that yeast acting on p-oxy-phenyl- 
pyruvic acid yields this same ethyl-alcohol derivative, while 
p-oxy-phenyl-lactic acid does not give it. Para-oxy-phenyl- 
pyruvic acid may, therefore, be transformed as follows: 


sevens p-Oxy-phenyl-ethyl-alcohol. 


a haat C;H;OH 
ne ie fe 
ee = CHO + H, = CH,OH 


Although p-oxy-phenyl-lactic acid is not acted on by yeast, 
yet it also appears as a product when yeast acts on p-oxy- 
phenyl-pyruvic acid. .Hence pyruvic acid may be reduced, 
with the formation of lactic acid. 


1 Ehrlich, F.: ‘Ber. d. d. chem. Ges.,”’ 1907, xl, 1047. 
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C.H;OH C.H;OH 
dat dat 
bo = He xox 
boon COOH 


In conformity with this stands the observation of P. 
Mayer,! who found that if pyruvic acid were administered to a 
rabbit lactic acid appeared in the urine. 

Although it appears certain that oxidative deamination is 
the principal method of attack upon the amino group of the 
aromatic acids, yet direct hydrolytic deamination has been 
noted for them, and it may play a considerable réle in the 
metabolism of the amino-acids of the aliphatic series as well. 
Neubauer finds the levo-component of p-oxy-phenyl-lactic 
acid in the urine of a patient suffering from cirrhosis of the 
liver. Since the dextro-component is always eliminated in the 
human being whenever it is formed by reduction of p-oxy- 
phenyl-pyruvic acid within the organism, it follows that this 
latter substance could not have been the intermediary one, 
but that the l-compound was formed by the direct hydrolytic 
cleavage of |-tyrosin. 

These reactions give one an insight into oxidations, 
reductions, hydrolyses, and cleavages, which are of constant 
occurrence as the result of vital activities. One may sum- 
marize all these possible biologic variations in the following 
scheme, using alanin as a typical amino-acid: 


+0 C 
3 “Ms wa Hy 


COOH 
a +.0') 70 9 OHO ny acetic acid 
3 Z | acetaldehyde ‘He ik 
co 
CHNH, COOH o CH,OH 
| \ Ppyruvio ssid ethyl alcohol 
COOH c 
@lanin < 
+HOH —> CHOH 
COOH 
lactic acid 


1 Mayer, P.: ‘“Biochemische Zeitschrift,” 1912, xl, 441. 
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It has been noted by Kotake! that although p-oxy-phenyl- 
pyruvic acid is completely oxidized when administered to a 
rabbit, p-oxy-phenyl-lactic acid remains almost untouched and 
appears in the urine. The fact, however, that lactic acid and 
alanin pass over into sugar much more readily than does 
pyruvic acid leads Ringer? to believe that the metabolism of 
alanin probably follows the path of hydrolytic deamination 
into lactic acid rather than that of oxidative deamination into 
pyruvic acid. 

The reader should realize that there are many possible 
pathways in metabolism, and the above presentation may be 
regarded as suggestive rather than literally exact. 


THE OXIDATION OF FATS 

In order to be able to understand the further fate of some 
of the deaminized remainders of the amino-acids, the method of 
oxidation of fatty acids must be understood. The experi- 
ments of Knoop? are based on the fact that benzoic acid, 
C;H;COOH, when given to an animal pairs with glycocoll and 
_ appears as hippuric acid in the urine, whereas phenylacetic 
acid, CsH;CH2COOH, when given pairs in the same way 
and is eliminated as phenaceturic acid. Knoop found that 
whenever aromatic derivatives of the fatty acids were given 
to an animal one of these two forms always appeared in the 
urine; that if the side chain had an odd number of carbon 
atoms hippuric acid was always the end-result, and if there 
were an even number of atoms phenaceturic acid appeared as 
the final product. 

The following substances were given: 


eimai 5s) | Phenylvalerianic acid. 
Ee Oe eae Phenylbutyric acid. 


an Phenylpropionic acid. 


” 


‘Kotake: “Zeitschrift fiir physiologische Chemie,” rg10, Ixix, 409. 
* Ringer: “Journal of Biological Chemistry,” 1913, Xv, 145. 
§ Knoop: ‘Hofmeister’s Beitrige,” 1905, vi, 150. 
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Since phenylvalerianic .and phenylpropionic acids both 
yielded hippuric acid and phenylbutyric did not, it was evident 
that the last named was not an intermediary product between 
the first two. Knoop, therefore, concluded that in the oxida- 
tion of fats the B-carbon atom was oxidized and that two car- 
bon atoms dropped from the chain together. This view was 
supported by Dakin’s! discovery that when phenylpropionic 
acid was given in large amounts phenyl-6-oxy-propionic acid, 
C;H;—-CHOH—CH.,—COOH, was detected in the urine. 
Corroborative evidence is further found in the fact that when 
body fat or food fat, both of which always contain an even 
number of carbon atoms, are metabolized in the diabetic, the 
end-product is always 6-oxybutyric acid, CH;CHOHCH:- 
COOH, which one would expect in terms of the theory. 

It is interesting to note the results of giving the following 
three substances: 


CsH;COCH;COOH ae CsH;COOH 
C.>H;CH,COCOOH — oxidized 
CsH;sCOCH:CH,COOH -—— CsH;CH:,COOH 

Phenyl-6-keto-propionic acid is oxidized on the B-carbon 
atom to benzoic acid. Phenyl-a-keto-propionic acid (phenyl- 
pyruvic acid), as stated, is completely oxidized in the organ- . 
ism, while phenyl-y-keto-butyric acid undergoes reduction of 
its y-carbon and oxidation of its B-carbon and is eliminated in 
the urine as phenyl-acetic acid. Here reduction and oxidation 
play alternately upon the same molecule. 

The oxidation of unsaturated fatty acids, or such as have a 
double linkage between two carbon atoms, follows the same laws 
as the oxidation of saturated fatty acids. Thus, Erdmann and 
Marchand? found that if cinnamic acid, CsH;.CH: CH.COOH, 
be given to an animal, benzoic acid appears in the urine. 
Dakin’ administered the material in large doses to cats and 
found the intermediary oxidation product, phenyl-$-oxy-pro- 
pionic acid, C,H;.CHOH.CH.COOH, in the urine. 


” 


1 Dakin: “Journal of Biological Chemistry,” 1909, vi, 203. 
2 Erdmann and Marchand: “Liebig’s Annalen,” 1842, xliv, 344. 
3 Dakin: “‘Oxidations and Reductions in the Animal Body,” 1912, p. 36. 
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This preliminary discussion has shown that amino-acids 
are oxidized at the a-position which is the point of attachment 
of the NH: group, and are converted into oxy- or keto-acids and 
then into acids having one less carbon atom. After this the 
organic acid becomes subject to the laws of 6-oxidation, under 
which a fatty acid is oxidized on its B-carbon atom, oxy- 
and keto-acids being first formed, and then there is cleavage 
of two carbon atoms with the formation of an acid which 
contains two less carbon radicles than before. Frequently 
6-oxybutyric acid is an intermediary product of this oxidation, 
just as happens in the case of fatty acids. In other cases in 
which the product contains three atoms of carbon, the end- 
product may be converted into glucose in the organism. 
Ringer! has demonstrated that in the 6-oxidation of fatty 
acids having uneven numbers of carbon atoms sugar is 
formed from them in the diabetic organism in proportion to 
the power to produce propionic acid, CH;.CH:.COOH. This 
might form 6-lactic acid, CH,OH.CH2COOH, which, in turn, 
might be converted into glucose. 

Experiments have shown that the glucose-forming amino- 
acids include glycocoll, alanin, prolin, aspartic and glutamic 
acids, serin, cystin, and arginin. Some of the other amino- 
acids yield 8-oxybutyric acid as an intermediary product. 

It seems desirable at this point to enter into the more 
intimate details of the life-history of the different amino-acids. 
Though the general energy metabolism may be understood 
without this knowledge, yet the finer comprehension of the 
subject cannot be otherwise obtained. 


THE FATE OF THE AMINO-ACIDS 


Glycocoll (CH:NH:.COOH).—Probably both carbon atoms . 
are able to enter into the formation of glucose. Present in most 
proteins; in large amount in gelatin; absent in milk proteins and 
in gliadin of wheat. 

It has been noted that when benzoic acid is administered to 

1 Ringer: “Journal of Biological Chemistry,” 1913, xiv, 43. 
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an animal it forms a synthetic compound with glycocoll 
within the organism which is eliminated in the urine as hip- 
puric acid. 

C;H;.COOH + CH2.NH2.COOH = C;H;CO.NHCH:2.COOH + H.0O. 
Hippuric acid is found in the urine of horses and cattle in the 
food of which materials convertible into benzoates are found. 
It is eliminated almost as soon as it is formed, for Lewis! found 
after administering hippuric acid to a man that 82 per cent. 
could be recovered in the urine within three hours. 

Lewinski? found that when ro or 20 grams of benzoic acid 
were administered to a man in the form of sodium benzoate 
the entire quantity of benzoic acid was combined and _elimin- 
ated in the form of hippuric acid. Only when the power to 
form glycocoll was exceeded was there an elimination of 
benzoic acid. Thus, after giving 50 grams of benzoic acid, 
62.3 grams of hippuric acid containing 42.3 grams of combined 
benzoic acid were eliminated, together with 8.2 grams of 
uncombined acid. 

The following data are taken from Lewinski’s experiments 
upon the same individual when partaking of low and of high 
protein diets. The figures are for twenty-four hours: 


Benzorc Acip Torat N Hirruric 
ADMINISTERED. IN URINE. Acw N. HN 
Grams. Grams. Grams. ™N 
25 9-3 2.74 20.4 
4° 9.0 3-15 34-9 
40 23.7 4.06 18.0 
50 29.1 4.87 18.6 


When there were 9 grams of total nitrogen eliminated, 
3.15 grams or 35 per cent. appeared in the form of glycocoll. 
When 29 grams of total nitrogen, only 4.87 grams of nitrogen 
appeared in the form of glycocoll. In other words, an increase 
of 20 grams of nitrogen in the urine was accompanied by an 
increase of 1.72 grams of glycocoll nitrogen, which is only 
8.5 per cent. of the increase in protein metabolism instead of 
35 per cent. 


1 Lewis: ‘Journal of Biological Chemistry,” 1914, xviii, 225. 
2 Lewinski: “Archiv fiir ex. Path. und Pharm.,”’ 1908, lviii, 397. See also 
Dakin: “Journal of Biological Chemistry,” 1909-10, vii, 103. 
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Magnus-Levy! found that 25 to 27 per cent. of the total 
urinary nitrogen of rabbits fed with cream and of a goat fed 
with hay is excreted in the form of hippuric acid when ben- 
zoate of soda is administered with the food. He calculated 
that only 4 per cent. of this could have been derived from 
glycocoll preformed in the protein metabolized, but that 20 
per cent. could have originated from leucin did this pass 
through a glycocoll stage. 

It has already been stated that the individual amino- 
acids lose their nitrogen as the first step in their metabolism. 
Only by the union of its nitrogen atom with benzoic acid is 
glycocoll spared this fate. One might believe that other 
amino-acids might unite with benzoic acid in a similar fashion, 
and then be converted into hippuric acid by oxidation of the 
rest of their carbon chains. ‘To test this hypothesis, Magnus- 
Levy? administered subcutaneously benzoylated compounds 
of alanin, valin, leucin, phenylalanin, aspartic acid, glutamic 
acid, ornithin, and serin. He found that these compounds 
were not changed into hippuric acid in the organism, but were 

eliminated unchanged in the urine. 
These experiments were a further demonstration that in 
the breaking down of amino-acids deamination is the first 
step, and they leave no conclusion open other than that 
glycocoll arises by a synthetic process. 

The nature of the process is still a riddle. The great elimina- 
tion of glycocoll in hippuric acid has been repeatedly observed 
by Wiechowski? and by Ringer,‘ the latter finding that 38 
per cent. of the total nitrogen may be eliminated as hippuric- 
acid nitrogen in the fasting goat. Parker and Lusk® suggested 
the synthetic origin of glycocoll, but reported that carbohy- 
drates had no influence on the excretion of hippuric acid. 
Abderhalden and Strauss® gave a pig which was nourished 


1 Magnus-Levy: “‘Miinchener medizinische Wochenschrift,” 1905, lii, 2168. 

2? Magnus-Levy: ‘“‘Biochemische Zeitschrift,” 1907, Vi, 541. 

3 Wiechowski: ‘‘Hofmeister’s Beitriage,”’ 1906, vii, 204. 

4 Ringer: “Journal of Biological Chemistry,” LOTT, X, 327. 

5 Parker and Lusk: “Amer. Jour. of Physiology,’ 1899-1900, iii, 472. 

a and Strauss: ‘Zeitschrift fiir physiologische Chemie,” 1914, 
xci, 81 * 
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on bran and potatoes 12 grams of sodium benzoate daily, and 
during certain periods added glycocoll, alanin, and ammonium 
carbonate. The results were as follows: 


Hrepuric Aci IN 


PERIOD. No. or Days. ADDED TO Foon. URINE 24 Hours. 
Vv 8 5 ati 2.54 
VI 8 Glycocoll, 12 g. 4.51 
VII 6 ee 3.30 
Vill 12 Alanin, 12 g. 3.30 
IX 6 Saris 2.63 
x 18 Ammonium carbonate, 15.6 g. 2.20 


From this it appears that glycocoll when given with the 
benzoate is far from being completely removed in the urine, and 
that neither alanin which yields ammonia on deamination nor 
ammonium carbonate itself have any effect whatever on the 
elimination of glycocoll. 

McCollum and Hoagland! have reported some remarkable 
experiments. A pig, weighing 46.7 kilograms, was brought 
into a condition of minimal nitrogen metabolism by giving 
a diet of starch containing 75 calories for each kilogram of 
body weight. The diet was then continued and increasing 
amounts of benzoic acid were added. Finally, hydrochloric 
acid and benzoic acid were given together. The results of 
the urinary analyses are here reproduced: 


CREAT- 


* 
No. oF ININ 
N. 


Tora | UREA 
Days. N. No EEN, 


OTHE 
PERIOD. Foop. N+ i 


“he 


I f2 siotarch, 75° cal. per ke. 
alk. salts. 2.56 | 1.43 | 0.21 | 0.488 | 0.424 


II 4 |Same + 4g. benzoic acid.} 2.63 | 1.29 | 0.21 | 0.456] 0.681 
Ill 7 |Same-+ tog. benzoicacid.} 2.23 | 0.58 | 0.22 | 0.484] 0.948 
IV 5 |Same-+ 16g. benzoicacid.| 2.86 | 0.55 | 0.38 | 0.437 | 1.492 

Vv 5 


Starch same, neut. salts ++ | 4.03 | 0.54 | I.44 | 0.424 | 1.632 
16 g. benzoic acid + 10 : 
g. 25 per cent. HCl. 


* This includes hippuric acid. 


” 


1 McCollum and Hoagland: “Journal of Biological Chemistry, 
Xvi, 299. See also Lewis: Ibid., 1914, xviii, 225. 


1913-14, 
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It is evident from this that when the protein metabolism 
is reduced to a minimal level by carbohydrate ingestion 
(see p. 273) the addition of benzoic acid does not affect the 
creatinin output, scarcely affects the total nitrogen elimination, 
but may reduce the total elimination of urea nitrogen from 
56 per cent. of the total nitrogen output to 19 per cent. of 
the total: This difference, or 37 per cent., of the total nitrogen 
which is ordinarily converted into urea is under these circum- 
stances eliminated as glycocoll. It is of great significance that 
this is accomplished without materially changing the amount 
of protein metabolism (see p. 286). Giving hydrochloric acid 
with benzoic acid greatly increases ammonia formation, but 
scarcely influences the other urinary constituents (see p. 219). 
The urea elimination remains at its former minimal level. 

This discussion has shown that one may compute that 35, 
37, and 38 per cent. of the total endogenous protein metabolism 
of man, goat, and pig may pass through a glycocoll stage and 
be eliminated in the urine. It is certain that no protein con- 
tains this quantity of glycocoll. In spite of all the work 
accomplished there is no solution of the problem from what 
materials this synthetic production of glycocoll occurs. It 
arises as does creatinin without having as yet betrayed the 
secret of its origin. The synthetic production of glycocoll is 
of undoubted value in making possible the development of 
body tissue which contains glycocoll from milk proteins which 
are free from it. 

Glycocoll forms sugar in the organism. Ringer and Lusk! 
found that it was completely converted into glucose in the 
phlorhizinized dog. 

The method employed is to give to a dog, rendered diabetic 
by phlorhizin and then almost glycogen free by shivering, the 
material to be tested, and to observe the increased output of 
glucose in the urine. One may give glucose itself and witness 
its complete elimination,” as follows: 


1 Ringer and Lusk: “Zeitschrift fiir physiologische Chemie,” 1910, lxvi, 106. 
? Taken from Csonka: “Journal of Biological Chemistry,” 1915, xx, 543. 
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PERIOD. GLUCOSE. NITROGEN. DiIN, EXTRA 


GLUCOSE. 
Preliminary... sss. 's.< eae A Goa 3.68 
Glnicose, 400) foes. 25.92 2.87 9.00 15.43 
ATter period #.5.0..... BTS: a 3-54 


There were 2.87 grams of nitrogen in the urine of seven 
hours. Assuming the customary D:N = 3.65 : 1 (see p. 174), 
then the quantity of glucose derived from the metabolism 
of protein during the seven hours would be 2.87 X 3.65 = 
10.49 grams. Deducting 10.49 grams from 25.92 grams found 
in the urine, it appears that 15.43 grams of extra sugar were 
eliminated during the period of experimentation. 

In the case of glycocoll the results may be thus analyzed: 


PERIOD- GLUCOSE. NITROGEN. D:N. Peek 
rOuUMINATY meee ees: Piece Rashi 3.40 
Glycocoll, 20 g....... 47.42 14.84 3.20 16.63 


After period. 9-22. . 


During a period of fourteen hours following the ingestion 
_ of 20 grams of glycocoll containing 3.73 grams of nitrogen 14.84 
grams of nitrogen appeared in the urine. The difference or 
9.II grams represents the nitrogen of the protein metabolism. 
Multiplying this by the prevailing D: N = 3.38, one obtains 
9-11 X 3.38 = 30.79 grams of glucose which could have arisen 
from the protein metabolism of the time. Since 47.42 grams 
were actually eliminated, it follows that the difference or 
16.63 grams of glucose derived their origin from glycocoll. 

The reaction showing this conversion of glycocoll into 
glucose may thus be written, carbon dioxid being neutralized 
by ammonia liberated from glycocoll and the compound 
converted into urea. 


6C2H;NO2 4 3CO2z a 3H20 
20 g. glycocoll 


2CsHin06 + 3CHsN2O + 302 
16 g. glucose + 8 g. urea 
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It should be noted that Cremer! believes that only three- 
quarters of the carbon passes over into glucose and holds the 
following reaction to be the more probable: 


4C2oHsNOz2 CgHi20¢ + 2CH4N20O 
20 g. glycocoll 12 g. glucose + 8g. urea 


Wl 


By what method may this reaction be accomplished? 
It has been shown that deamination results in the formation of 
either glyoxylic acid, CHO.COOH, or glycollic acid, CH,OH.- 
COOH. These materials must be reduced if they are to 
form glucose. 

Haas? could find no evidence of reduction of glyoxylic 
to either glycollic or acetic acid in the organism, nor was 
glycocoll formed synthetically from it by union with ammonia. 
Nor could Honjio® find any indication of acetic acid formation 
after perfusing a liver with glycollic acid. Also, the synthesis 
of glycollic acid into ARFEDSOL in the organism cannot be 
accomplished.* 

If glycollic acid be the product of deamination, as appears 
most probable, its first reduction product would be glycol 
aldehyd. 


CH.OH.COOH + H: = CH.OH.CHO + H,O 


Glycol aldehyd in aqueous solution is polymerized with the 
formation of sugar,®> CsH:.0.. If administered by subcuta- 
neous injection to a rabbit it leads to an output of sugar in the 
urine.6 When perfused through the liver of a tortoise’ or of a 
dog® glycol aldehyd is converted into glycogen. If glycol 
aldehyd be slowly administered to phlorhizinized dogs, as 
much as 75 per cent. may escape oxidation and be converted 
into glucose. 

1 Cremer: ‘Medizinische Klinik,” 1912, viii, 2050. 

* Haas: ‘“‘Biochemische Zeitschrift,” 1912, xlvi, 298. 

3 Honjio: Ibid., 1914, xi, ae 

*Sassa: Ibid., 1913-14, lix, 3 

5 Neuberg and Rewald: J ilecwertiahe Handlexikon, ” ii, 266. 

® Mayer: ‘Zeitschrift fiir physiologische Chemie,” 1903, XXXViii, 151. 

7 Parnas and Baer: ‘‘ Biochemische De Ee 1912, xli, 392. 


8 Barrenscheen: Ibid., 1913, viii, 3 - 
® Sansum and Woodyatt: ty eae of of Biological Chemistry,” 1914, xvii, 521. 
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It is suggestive in this connection to remember that 
Neuberg! has shown that yeast zymases may reduce this 
simplest of all the oxy-aldehyds into ethylen glycol: 


CHO CH.0H 


CH.0H CH,0H 


d-Alanin (CH;.CHNH:2.COOH.)—All three carbon atoms 
are able toenter into the formation of glucose. Found in all 
true proteins. In zein as much as 13.4 per cent., in muscle 
protein about § per cent. is present. 

Neuberg? found glycogen in the liver and lactic acid in the 
urine of a normal rabbit following the ingestion of alanin. 
The amino-acid had been converted into lactic acid with the ~ 
elimination of ammonia. Ringer and Lusk® gave 20 grams of 
i-alanin to a phlorhizinized dog and witnessed its complete 
elimination in the form of urinary glucose. Dakin‘ obtained 
the same result after administering |-alanin. 

Mandel and Lusk’ showed that d-lactic acid was completely 
converted into glucose in the diabetic organism and as much as 
70 per cent. of the d-l-lactic acid could be transformed. 

Dakin has emphasized the fact that these experiments 
demonstrate that the loss of asymmetry of the central carbon 
atom of l-alanin or of ]-lactic acid is essential for the formation 
of d-glucose. Such a loss of asymmetry would occur in the 
case of alanin if it were converted into pyruvic acid by oxida- 
tive deamination. 


_ 


ic Gee 
CHNH, + O a oe 
COOH COOH 
Alanin, Pyruvic acid. 


1Neuberg: ‘‘Biochemische Zeitschrift,” 1915, Ixxi, 1. 
2.Neuberg and Langstein: “Archiv fiir Physiologie,’ 
p. 514. F 
3 Ringer and Lusk: Loc. cit. 
#Dakin and Dudley: “Journal of Biological Chemistry,’ 1914, xvii, 451. 
5 Mandel and Lusk: ‘American Journal of Physiology,” 1906, xvi, 129. 


? 


1903, Suppl. Bd., 
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This is a possible pathway, for pyruvic acid is convertible 
into glucose when administered to the glycosuric organism.! 
Levene? finds that aseptic preparations of. leukocytes or 
kidney tissue effect no chemical change of pyruvic acid, this 
being contrary to the action of yeast cells which converts it 
into acetaldehyd with cleavage of COs (see p. 267). 

If alanin be convertible into lactic acid by hydrolysis, the 
asymmetry of the central carbon atom could be eliminated by 
a reversed internal Cannizzaro reaction, as follows: 


‘i ie ie 
eee + HOH — CHOH 4 — >, CO’ + H:0 


| 
COOH COOH H: CHO 
Alanin. Lactic acid. Methyl-glyoxal. 


The Cannizzaro reaction involves the conversion of two 
molecules of aldehyd into one of acid and one of alcohol 
through the mediation of water. Thus, Batelli and Stern? 
observed that tissue converted acetaldehyd into alcohol and 
acetic acid. 


iad re 
CHO He CH.0OH 
+ — 
ee ia 
CHO O COOH 


The enzyme accomplishing this reaction is called ‘“‘aldehyd 
mutase” by Parnas.‘ 

The internal Cannizzaro reaction deals with the oxidation 
of aldehyd and reduction of the keto radicles in the same 
compound. This may be illustrated by the conversion of 
methyl glyoxal into lactic acid, which Dakin® and Neuberg® 
have shown is rapidly effected by tissue in vitro. Dakin calls 

1 Ringer: “Journal of Biological Chemistry,” 1913, xv, 145; 1914, xvii, 281; 
Dakin and Janney: Jbid., 1913, xv, 177; Cremer: ‘‘ Berliner klinische Wochen- 
schrift,” 1913, 1, 1457. 

2 Levene and Meyer: “Journal of Biological Chemistry,” 1914, xvii, 443. 

8 Batelli and Stern: “‘Compt. rend. soc. biol.,” 1910, Ixviii, 742. 

‘Parnas: ‘‘Biochemische Zeitschrift,’’ 1910, xxviii, 274. 


5 Dakin and Dudley: “‘ Journal of Biological Chemistry,” 1913, xiv, 155, 423. 
8 Neuberg: ‘‘Biochemische Zeitschrift,’’ 1913, xlix, 502. 
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the enzymes accomplishing these reactions. “glyoxylases,” 
while Neuberg prefers the name “‘keto-aldehyd mutase.” 


cas ao 
CO H, CHOH 
<==} | 
CHO O — COOH 
Methyl glyoxal. Lactic acid. 


The reversed internal Cannizzaro reaction accomplishes 
the conversion of lactic acid into methyl-glyoxal. 

Dakin! gave 9 grams of methyl glyoxal to a phlorhizinized 
dog and obtained 7 grams of extra sugar in the urine, while 
12 grams of |-lactic acid yielded 9 grams of extra glucose. 

These experiments enabled Dakin to picture the trans- 
formation of a d-l-alanin through d-l-lactic acid into d-glucose, 
as follows: 


CH; CH; CH,OH CH.OH 
HoH —> ¢o -—» HCOH HOH 
coo bio bso HCOH 
CH; CH; CH,OH HOCH 
HCO eds.” tos HCOH 
d- and Poe ate a tcwee | pleats sted eae 


Neuberg? reached essentially similar conclusions. 

Ringer and Lusk? showed that glyceric acid was convertible 
into glucose in the phlorhizinized dog, and the same was shown 
for glyceric aldehyd by Woodyatt.* 

It has been difficult to find a chemical analogy to the 
transformation of the CH; group of methyl-glyoxal into 
—CH,OH in glycerin aldehyd. It is certain that the CH; 
groups in lactic acid and alcohol both arise in biochemical 
reactions from glucose, yet the manner of origin is unknown.° 


> 


1 Dakin and Dudley: ‘Journal of Biological Chemistry,’ 
2 Neuberg: “Biochemische Zeitschrift,” 1913, li, 484. 

3 Ringer and Lusk: “Loc. cit. 

4 Woodyatt: “Journal of Biological Chemistry,” 1915, xxi, 1. 

5 Neuberg and Rewald: ‘‘Biochemische Zeitschrift,” 1914, Ixvii, 127. 


13 


1913, XV, 127. 
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Dakin (oral statement to the writer) presents a solution of 
the problem dependent upon the interconversion of tauto- 
meric forms of methy]-glyoxal: 


iv rie OH CH,0H 
+. 

ie vase H CHOH 

CHO CHO —- CHO 

Metbyl- Metby!l- Glyceric 

glyoxal. glyoxal. aldehyd. 


Since fructose! and many other hexose sugars yield methy]- 
glyoxal with readiness im vitro, there is much likelihood that 
this is the intermediary substance produced when fructose 
and galactose, for example, are converted into glucose by the 
diabetic or into glycogen (which yields glucose) in the normal 
organism. The above described transformation, first postu- 
lated by Nef,? is, therefore, of fundamental biologic signifi- 
cance not only in the metabolism of alanin but also as regards 
that of carbohydrate. 

It may be added that alanin may be formed synthetically 
from pyruvic acid,* when this substance is perfused through 
the liver, or from glycogent when an ammonium salt is per- 
fused through a liver rich in glycogen. 

It appears from this analysis that the amino-acid alanin 
yields on deamination an acid which may readily be converted 
into glucose or into methyl-glyoxal, a direct cleavage product 
of glucose, and which, therefore, may behave like glucose in 
the organism. Consideration of the oxidation of glucose will 
be found in Chapter IX. 

Valin ((CH3)2: CH.CHNH».COOH).—Present in small 
amounts in most proteins. Fate obscure. 

By the method of liver perfusion, Embden, Salomon, and 
Schmidt® could find no acetone bodies arising from valin. 

1Wohl: ‘‘Biochemische Zeitschrift,” 1907, v, 45. 

2Nef: ‘“Liebig’s Annalen,” 1904, cccxxxv, 247. 

3 Embden and Schmitz: “Biochemische Zeitschrift,” 1911-12, xxxvili, 393. 

4Fellner: Jbid., 1911-12, xxxviii, 414. 


5 Embden, Salomon, and Schmidt: ‘Hofmeister’s Beitrige,’ 
120. 


” 1906, viii, 
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Dakin! gave valin to a phlorhizinized dog, but could find 
no clear evidence of glucose or 8-oxybutyric acid formation 
from it. Its oxy-acid, a-oxy-isovalerianic acid, also yielded 
little or no sugar. : 

Leucin ((CH;)2: CH.CH2CHNH:2COOH).—Present in all 
proteins. Convertible into B-oxybutyric acid. 

Leucin when given to a phlorhizinized dog produces little 
or no glucose.2_ When added to a perfusing fluid and passed 
through a surviving liver leucin yields acetone bodies in large 
amounts.’ Baer and Blum found a greatly increased out- 
put of B-oxybutyric acid after giving 33.7 grams of leucin to a 
diabetic patient. The chemical reaction undoubtedly follows 
the known laws of oxidation on the a-amino group of the amino- 
acids of B-oxidation and cleavage of a methyl radicle whose 
further fate is unknown. These reactions may thus be pre- 
sented: 


CH; CH3; CH; CH; CH; iCH; CH; 
A Ae, Rees | 
cs oe es yon 
— — he —-: CH, — CH: 
CHNH, HOH CHOH O2 COOH COOH 
sr aera e B-Oxybutyric acid. 

COOH COOH CO, + H,O 
Leucin. Oxyisobutyl acetic acid. Tsovaleric acid. 


The end-product of the metabolism of leucin is, therefore, 
the same as the end-product of ordinary fat metabolism. 

Phenylalanin, C;H;.CH2,CHNH:COOH, and _ Tyrosin, 
HO.C;H;.CH2.CHNH,COOH.— Vield B-oxybutyric acid, and 
in alcaptonuria homogentisic acid. Present in all proteins, 
except that tyrosin is absent in gelatin. 

The metabolism of these substances has already been con- 
sidered in some detail (see p. 178). Embden and Baldes® 
state that when phenylalanin is added to the perfusing fluid 


1 Dakin: “Journal of Biological Chemistry,” 1913, xiv, 321. 
2 Halsey: “American Journal of Physiology,” 1904, x, 229; Dakin: Loc. cit. 
3’ Embden, Salomon, and Schmidt: Loc. cit. 

4 Baer and Blum: ‘Arch. f. ex. Path. und Pharm.,” 1906, lv, 89. 

5 Embden and Baldes: ‘“Biochemische Zeitschrift,” 1913, lv, 301. 
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passing through the liver it may be converted into tyrosin. 
Even though phenylalanin does not always yield tyrosin in the 
organism, yet it is believed that it may be converted into 
p-oxyphenylpyruvic acid, which is the first oxidation product 
of tyrosin. 

In the phenomenon called alcaptonuria (see p. 178), tyrosin 
and phenylalanin are believed to be oxidized only as far as 
homogentisic acid, in which form they appear in the urine. 
Falta! reports that if phenylalanin or tyrosin be administered 
in alcaptonuria each is completely converted into homogentisic 
acid and so eliminated. In alcaptonuria the ratio between 
homogentisic acid and nitrogen elimination in the urine is 
quite constant, being 45: 100 or 50: 100,” and the distribution 
of the various other nitrogenous compounds in the urine re- 
mains normal. 

Neubauer and Falta? emphasized the idea that homogen- 
tisic acid is always formed in normal metabolism, but in this 
rare disease cannot be oxidized. The power to split the 
benzol ring was absent. 

However, Dakin‘ has administered to alcaptonurics para- 
methylphenylalanin, CH;.CsHy.CH2,CHNH:COOH, and para- 
methoxyphenylalanin, CH;0.CsHy.CH:CHNH2COOH, sub- 
stances which cannot undergo the quinoid transformation, 
(see p. 178) and has found that these are oxidized in the 
organism. He, therefore, concludes that the formation of 
homogentisic acid in metabolism is always pathologic, and 
that the benzol ring can be broken even in alcaptonuria with- 
out its intermediation. Fromherz and Hermanns’ believe 
that the aromatic amino-acids normally follow a dual path to 


1 Falta: ‘Biochemisches Centralblatt,”’ 1904-05, iii, 175. 

2 Langstein and Meyer: “Deutsches Archiv fiir klinische Medizin,” 1903, 
Ixxviii, 161; Schumm: “Miinchener med. Wochenschrift,”’ 1904, li, 1599; 
Garrod and Hele: ‘Journal of Physiology,” 1905, xxxiii, 205; Ravold and 
Warren: “Journal of Biological Chemistry,” 1909-10, vii, 465. 

3 Neubauer and Falta: ‘‘Zeitschrift fiir physiologische Chemie,” 1904, 
xlii, 81. 

4 Dakin: ‘Journal of Biological Chemistry,” 1911, ix, 151. 

5 Fromherz and Hermanns: “Zeitschrift fiir physiologische Chemie,” 1914, 
Xci, 194. 
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destruction and that one of these is closed in alcaptonuria, 
whereas the other remains open. They present this picture 


of the process: 
0 
aig \ eaites 
i 


OH 
OH 
bor ee Ge (ie CR 
0 OH O COOH noo’ 


COOH Aceton + 
CH, 
| Homogentisic acid HO + CO, 
CHNH, 
| OH 0 HOOC 
COOH iI X 
\\ HO O= HOOC CH 
Phenylalanin — _ | I 
HC CH 
AeA 
CHe Cie 
boos COOH R 
3 : 4 Dioxyphenyl- Quinon Muconic acid 
acetic acid acetic acid 


tt closed in alcaptonuria. 


It will be recalled that muconic acid has been considered as 
representing the opening door of the benzol ring, ever since 
Jafié gave benzol to a rabbit and found muconic acid in the 
urine. 

Phenylalanin, tyrosin, homogentisic acid,? and muconic 
acid? all yield acetone bodies when perfused through a surviv- 
ing liver. 

The reaction involving the production of 6-oxybutyric acid 
cannot yet be written, though two of its four carbon atoms 
are probably derived from the phenyl ring and two from the 
side chain.4 , 

Tyrosin yields no sugar in the phlorhizinized dog,* nor does 
phenylalanin.® 

When the ammonium salts of the keto-acids corresponding 
to phenylalanin and tyrosin are perfused through a surviving 


1Jaffé: “Zeitschrift fiir physiologische Chemie,” 1909, Ixii, 58. 

2 Embden, Salomon, and Schmidt: Loc. cit. 

3Hensel and Riesser: ‘Zeitschrift fiir physiologische Chemie,” 1913, 
lxxxviii, 38. 

4 Wakeman and Dakin: “Journal of Biological Chemistry,” 1911, ix, 139. 

5 Ringer and Lusk: Loc. cit.; confirmed by Dakin. 

6 Dakin: “Journal of Biological Chemistry,” 1913, xiv, 321. 
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liver there may be a synthetic production of the two last- 
named substances.! The reaction of deamination.is, therefore, 
reversible in these cases. 

1-Serin, CH,JOH.CHNH2COOH.—Detected in small quan- 
tities in many proteins. Three carbon atoms are able to enter 
into the formation of glucose. 

Dakin? showed that the ingestion of 11.9 grams of serin 
by a phlorhizinized dog resulted in the excretion of 11 grams of 
extra glucose in the urine. One might picture the conversion 
of serin into glyceric acid which Ringer and Lusk (p. 193) 
showed is transformed into glucose: 


CH,OH CH,0H 

| — | 
CHNH, + HOH ree 

| 

COOH ‘ COOH 
1-Serin. Glyceric acid. 


But in order to remove the asymmetry of the central carbon 
atom it seems more probable that a keto-body is an inter- 
mediary oxidative product. The transformation might take 
the following form: 


CH,0H CH,0H - CH,OH 


| 
CHNH, — > CO —  CHOH 
COOH 


CHO CHO 
1-Serin. a-keto-8-oxypropionic aldehyd. d-glyceric aldehyd. 


‘Cystin, S—CH:.CHNH:COOH.—Present in most proteins. 
S—CH,.CHNH.COOH ; 

Six carbon atoms probably may enter into the formation of glucose. 

In a rare disease called cystinuria cystin appears dissolved 

in the urine, or it may take the form of stone or of sediment. 

If cystin be administered to a normal person it is oxidized, and 

does not alter the normal relation between oxidized and 

unoxidized sulphur in the urine.’ If cystin be given to a 

patient with cystinuria a part is eliminated, but a still greater 
1 Embden and Schmitz: ‘‘Biochemische Zeitschrift,” 1910, xxix, 423, 


2 Dakin: Loc. cit. 
3Blum: ‘Hofmeister’s Beitrage,” 1904, v, I. 


ff 
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part is oxidized.!_ The disturbance, therefore, is not complete. 
When protein is given in increased measure the cystin elimina- 
tion is increased in the cystinuric patient.2 The increase in 
neutral sulphur found in the urine is at the expense of the 
alkaline sulphate usually found there. 

In normal metabolism cystin is probably first broken up 
into two molecules of cystein, for on giving brombenzol 
mercapturic acid appears in the urine. This acid isa compound 
of cystein, brombenzol, and acetic acid. The reaction, as 
shown by Friedmann,’ takes place as follows: 


en eee 

CHNH: + C,.H;sBr + CH;COOH = CHNH.CO.CH; + Hz: 
COOH COOH 

Cystein. Brombenzol. Acetic acid. 


Brombenzol mercapturic 
acid. 


This affords an example of acetylation not uncommon in 
the organism.* Acetic acid is probably constantly available, 
being derived from the metabolism of fat (see p. 302). 

Marriott and Wolf® further investigated this condition of 
artificially induced cystinuria, and were able to increase the 
unoxidized sulphur (cystein-S) in the urine fourfold by this 
means, and nearly to remove all the oxidized sulphur. The sul- 
phur was, therefore, not oxidized to sulphate as in the normal 


state. That cystein is the mother substance of the taurin of 
the bilé Friedmann‘ illustrates in accordance with the following 
formula: ’ 
CH.SH CH.SO;H CH,SO;H 
Gene: i4 —>  CHNE, a5) CHNE, 
‘eens Cysteine acid. Tout, 
1 Williams and Wolf: “Journal of Biological Chemistry,” 1909, Vi, 337- 
2 Alsberg and Folin: ‘American Journal of Physiology,” 1905, xiv, 54. 


3 Friedmann: 
4 Consult von Fiirth: 


“‘Hofmeister’s Beitrage,”’ 


1904, iv, 486. 
“Probleme der physiologischen und pathologischen 


Chemie,” Leipzig, 1913, ii, p. 465. 
5 Marriott and Wolf: “American Medicine,” 

and Straczewski: ‘Archiv fiir Physiologie,” 
6 Friedmann: ‘‘Hofmeister’s Beitrige,” 


1905, ix, 1026. See also Zeller 


1914, Pp. 585- 
1903, iii, 1 
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Taurin, however, is not the only pathway of cystein de- 
struction, for Dakin! gave a phlorhizinized dog 15.7 grams of 
cystein, which theoretically is convertible into at most 11.6 
grams of glucose, and found 12.2 grams of extra glucose in the 
urine. This transformation would be conceivable through 
hydrolysis and the conversion of cystein into serin, which, as 
already stated, is convertible into glucose. 


CH.SH CH,0H 
| 
CHNH,. + HOH — CHNH, + HS 
COOH COOH 
Cystein. Serin. 


Dakin made note of the fact that the sulphur excretion 
under the conditions of his experiments was in the form of 
sulphate and was relatively very slow. This is contrary to 
the usual behavior of the sulphur contained in cystein (see 
p. 168). 

It is evident that cystein metabolism has the choice of at 
least two different pathways in the organism. 

Aspartic Acid, HOOC.CH».CHNH:.COOH.—Present in 
most proteins. Three carbon atoms enter into the formation of 
glucose. 

Aspartic acid was given to phlorhizinized dogs by Ringer 
and Lusk? and the equivalent of three carbon atoms was 
recovered as glucose in the urine. This has been confirmed 
in Cremer’s laboratory by Hering,’ who administered aspar- 
agin. ‘The possible pathways of this transformation are sev- 
eral. Ringer and Lusk gave the following course: 


COOH COOH COOH 
Gu, CH, CH, 
coat, cnon CH,OH 
Penereg Nate te plLactc acid 


1Dakin: Loc. cit. 
2 Ringer and Lusk: Loc. cit. ; 
8 Hering: “‘Cremer’s Beitrage zur Physiologie,” 1914, i, 1. 
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Later Ringer! found that malic acid was in large measure 
convertible into glucose. 

This conception of intermediary reaction is supported by 
the finding of Ackermann? that digestion of aspartic acid with 
putrid pancreas produces 6-alanin, HEVCH»2.CH:.COOH. 

Dakin? considers that alanin or lactic acid are the primary 
cleavage products of aspartic acid metabolism, and this is 
attested by the researches of Meyer‘ in Neuberg’s laboratory, 
who finds that tissue pulp of liver and muscle convert keto- 
succinic acid into pyruvic acid. The reaction would then 
take place as follows: 


COOH COOH CO, 

bs, = es, ===p CH3 

cunt, co bo — glucose 
hoghise aid Revagemeedel) rycuvic ac. 


One, or perhaps both, of these pathways are open in the 
organism for the metabolism of aspartic acid and for synthesis 
of glucose from it should conditions favor. 

Glutamic Acid, HOOC.CH,.CH2.CHNH2.COOH.—Present 
in all proteins, frequently largest constituent amino-acid in the 
molecule, as in gliadin of wheat (44 per cent.) and in muscle 
(22 per cent.). Three carbon atoms enter into the formation of 
glucose. 

This was the first amino-acid whose power to form glucose 
was measured.» Ringer and Lusk held that this power to 
form glucose was through 6-oxidation of the central carbon 
atom, as follows: 


1 Ringer, Frankel, and Jonas: “‘ Journal of Biological Chemistry,” 1913, Xiv, 


539: 
2 Ackermann: ‘Zeitschrift fiir Biologie, 
3 Dakin: Loc. cit. 
4 Mayer, P.: ‘‘Biochemische Zeitschrift,”’ 1914, lxii, 462. 
5Lusk: ‘American Journal of Physiology,” 1908, xxii, 174. 


” 


1911, lvi, 87. 
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COOH COOH 

CH, -—— CHs 

bur, 7 POEL CH,.OH 

CHINE, + HOH cuon 
Glufamie acd Glycerie acid 


Since glyceric acid forms glucose, this pathway would be 
anaturalone. Dakin agrees with this as possible. Warkalla' 
confirms the synthesis of three carbon groups of glutamic acid 
into glucose. 

F. Ehrlich? showed that eaertie yeast converted 
glutamic acid into succinic acid, HOOC.CH».CH».COOH, and 
Neuberg® finds that keto-glutaric acid, HOOC.CH:2.CH:2.CO.- 
COOH, yields the same product under similar conditions. 
This indicates keto-glutaric acid as a probable intermediary 
product. Since Ringer‘ has shown that succinic acid is 
convertible into glucose, this appears to be a possible pathway 
of the decomposition of glutamic acid. 

According to Abderhalden,’ glutamic acid may be con- 
densed into pyrrolidon carboxylic acid. The conversion 
of this into prolin or pyrrolidin carboxylic acid has not 
yet been achieved. 


COOH Co CH, 
LN Lox 
ed re CH, 
aa ia CH: 
CHNH, reat CHNH 
COOH COOH COOH 
Glutamic acid. I Pyrrolidin ehiste 
acid. aci 


1 Warkalla: ‘‘Cremer’s Beitriige,”’ 1914, i, ol 
2 Ehrlich, F.: “‘Biochemische Zeitschrift,” 1909, xviii, 391. 
8 Neuberg and Ringer, M.: Ibid., 1915, Ixxi, 226. 
_ ‘Ringer, Frankel, and Jonas: “Journal of Biological Chemistry,” 1013, 
xiv, 530. 
5 Abderhalden and Kautzsch: ‘Zeitschrift fiir physiologische Chemie,” 
1910, Ixvili, 487. ; 
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Pyrrolidin carboxylic acid made in some such manner may 
become the mother substance used in the construction of 
hemoglobin in the animal or of chlorophyll in the plant. 

Lysin, NH2.CH:2.CH2.CH2.CH2.CHNH:.COOH.—Present 
in proteins of animal origin. Absent in zein and present in 
_ very small amount in such a vegetable protein as gliadin. It is 
the only amino-acid with a straight chain which does not form 
glucose. 

Dakin! gave lysin to a phlorhizinized dog, but found neither 
extra sugar nor an increase in the B-oxybutyric acid excretion 
in the urine. This is explained by Ringer? on the ground that 
lysin may be converted into glutaric acid, HOOC.C;Hs.COOH, 
which does not form glucose when administered in phlorhizin 
glycosuria. The small increase in 8-oxybutyric acid elimina- 
tion noted by Ringer in this experiment does not necessarily 
indicate that this substance is an intermediary metabolism 
product. ; 

The oxidation to COOH of the ¢-C, to which an NH; 
group is attached, followed by (-oxidation, would yield 
aspartic acid, provided the NH: in the e-position remained 
untouched. Such a course of metabolism would cause lysin 
to yield glucose in abundance and is therefore excluded. 

Bacteria in intestinal putrefaction convert lysin into 
cadaverin, NH,—C;Hio—NHz, through simple CO; cleavage. 
In severe cases of cystinuria the diamines cadaverin and 
putresin (see p. 204) appear in the urine and this constitutes 
diaminuria.* "a 

_ Arginin, NH2.CNHNH.CH,CH,CH2.CHNH,.COOH.— 
Present in most proteins. Probably three carbon atoms form 
glucose. 

Kossel and Dakin® found that liver but not muscle con- 

1 Dakin: Loc. cit. 

2 Ringer, Frankel, and Jonas: Loc. cit. 

3 Ringer: “Journal of Biological Chemistry,” 1912, xii, 223. 

4Literature, v. Fiirth: “Probleme der physiologischen und pathologischen 
Chemie,” 1913, Bd. II, p. 1 


iz 
5 Kossel and Dakin: “Zeitschrift fiir physiologische Chemie,” 1904, xli, 
321; 1904, xlii, 183. 
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tained an enzyme capable of splitting d-arginin into urea and 
ornithin, the only reaction by which urea is obtained as a 
simple cleavage product of an amino-acid. Dakin! gave both 
arginin and ornithin to a phlorhizinized dog, and witnessed a 
sufficient elimination of extra glucose to account for three of 
the carbon atoms in these substances. Since three carbon 
atoms of succinic acid enter into the formation of glucose, and 
succinic acid appears to be a possible product of the metab- 
olism of ornithin, one may assume that this might represent the 
pathway into sugar. These formule may thus be portrayed: 


HN:C.NHCH, CH2NH2 COOH 
NH: | | 

vas ee ne 
i _ a, — CH: —- glucose 
CHNH2 CHNH2 COOH 
| Succinic acid. 
COOH COOH 
Arginin. Ornithin. 


Another possible pathway would be the oxidation of the 
0-C atom of ornithin to COOH, with the production of glutamic 
acid, which would then break up with sugar formation (see p. 
201). 

Bacteria in the intestine may convert ornithin into 
putresin, NH,—C,Hs—NHz2, through the cleavage of COs 
(see p. 203). 

Arginin is the only amino-acid containing the guanidin 
nucleus, which is also found in creatin. However, attempts 
to associate the origin of creatin from arginin have proved 
fruitless. Jaffé? gave nitrate of arginin subcutaneously to a 
rabbit, but found no change in the amount of creatin in the 
urine or muscle. According to the known laws of oxidation of 
amino-acids, guanidin acetic acid, NH2.CNH.NH.CH:2.COOH, 
might readily be an oxidation product of arginin. When 
Jaffé gave this substance to a rabbit he found that a methyl 


1 Dakin: Loc. cit. ; 
2 Jaffé: “Zeitschrift fiir physiologische Chemie,” 1906, xlviii, 430. 
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group was added and it was in part eliminated in the urine 
as creatin, NH2.CNH.NCH;.CH:.COOH. The proof of the 
origin of guanidin acetic acid in the organism is, however, 
lacking. Arginase does not effect the cleavage of creatin or 
- guanidin acetic acid! (see also p. 209). | 

ae Se aria ae |} 


I 

Histidin, N : CH.NH.CH : C.CH2.CHNH:.COOH.— 
Present in most proteins. Does not produce glucose, and there 
is no clear evidence that it produces B-oxybutyric acid. 

When histidin is given to dogs it is oxidized and urea formed 
from it appears in the urine.2 When it is given to phlor- 
hizinized dogs Dakin’ finds no clear-cut evidence that it is 
converted either into glucose or B-oxybutyric acid. 

Histidin gives Ehrlich’s diazo-reaction, and is probably the 
chromogen within urochrom.* 


I 

Prolin, NH.CH:2.CH2.CH2.CH.COOH.—Present in most 
proteins. Three carbon atoms enter into the formation of glucose. 

Dakin® gave prolin to a phlorhizinized dog and found 
extra glucose eliminated to the extent of three of the five 
carbon atoms contained in prolin. Ringer suggests that the 
intermediary product may be succinic acid, but lactic acid or 
glyceric acid are also possible. The metabolism probably fol- 
lows the same lines as does that of glutamic acid (see p. 202). 

Tryptophan (Formula below).—Present in animal proteins 
except gelatin. Absent in zein. Produces neither glucose nor 
B-oxybutyric acid, but is convertible into kynurenic acid. 

Dakin® could find no certain increase in sugar or B-oxy- 
butyric acid excretion after giving-14.5 grams of tryptophan 
to a phlorhizinized dog. 

Ellinger? discovered that the production of kynurenic 


1Dakin: “Journal of Biological Chemistry,” 1907, iii, 435. 
2 Abderhalden and pee “Zeitschrift fiir physiologische Chemie,” 1909, 
Ixii, 327 1910, Ixviii, 3 
3 Dakin: ernst a ‘Biological Chemistry,” 1913, xiv, 328. 
4 von Fiirth: “Probleme der physiologischen und pathologischen Chemie,” 
IgI 3) li, 605. 
’ Dakin: “Journal of Biological Chemistry,” 1912-13, xiii, 513. 
® Dakin: Ibid., 1913, xiv, 321 
7Ellinger: ‘Zeitschrift fiir physiologische Chemie,” 1904, xliii, 325. 
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acid, which had long.been known as a component of dog’s 
urine, was largely increased after giving tryptophan. Mendel 
and Jackson! found that the kynurenic acid elimination in 
dogs varied directly with the protein metabolism, but was not 
derived from gelatin metabolism. Ellinger also gave trypto- . 
phan to a rabbit, whose urine normally contains no kynu- 
renic acid, and found kynurenic acid in the urine. Rabbits 
however, normally oxidize kynurenic acid when ingested in 
small amounts. He reaches the conclusion that animals in 
general may produce kynurenic acid, and that this is usually . 
readily oxidized except in the organism of the dog, where it is 
only partly destroyed, and therefore appears in the urine. 

Hopkins and Cole? first isolated tryptophan in a state of 
purity and determined its formula. Miss Homer’ determined 
the exact formula of kynurenic acid. Ellinger* thus presents 
the transformation of tryptophan into kynurenic acid: 


H.N.CH.COOH N= C.CO0Or 
~ 
H 
JE 2 CH 
ale, Bais 
| 
| ba 
NS i oe ee 
os 
Do Nee 
Tryptophan. Kynurenic acid. 
Indol aminopropionic acid. y-oxy-a-quinolin carboxylic acid. 


Intestinal bacteria act upon the propionic acid radicle of 
tryptophan and convert it into skatol or indol: 


C—CH; CH 
Va ie 
CoH, CH C.H, CH. 
Nee ei. 
NH NH 
Skatol. Indol 


1 Mendel and Jackson: ‘American Journal of Physiology,” 1898-99, ii, 1. 

2 Hopkins and Cole: ‘Journal of Physiology,” IQOI-02, xxvii, 418. 

3 Homer: “Journal of Biological Chemistry,” 1914, xvii, 500. 

‘Ellinger and Matsuoka: “Zeitschrift fiir physiologische Chemie,” 1914, 
Xcl, 45. 
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Indol and skatol, together with phenol, C;H;.OH, and p- 
cresol, CH3;.CsH..OH, the products of bacterial putrefaction 
of phenylalanin and tyrosin, are conjugated with sulphuric 
acid in the liver and are eliminated as ethereal sulphates in the 
urine. 

Summary.—It has been noted that in completely phlo- 
rhizinized dogs the actual D:N ratio is 3.65: 1. How ac- 
curately may one calculate the theoretic origin of glucose 
from the present amount of information at hand? If the 
analysis of muscle tissue given by Osborne (see p. 77) be 
taken, one may estimate how much sugar may arise from the 
various fragments of the protein molecule. 


CALCULATION SHOWING THE ORIGIN OF GLUCOSE FROM 


PROTEIN 
From 100 GRAMS OF PROTEIN. 
SUBSTANCE. Amino Acip. GLUCOSE, 

Grams. Grams. 
Gl ycocoly eae he ciece tes Seat 40 2 
PALA Tretia othe had 2 oan ee se 8.1 8.2 
Aspartic achd e322 0 5 .chctetss eee 10.6 2 
Glutamicracid’..2/. 2. tse Sracceeerere te 22.3 13.6 
BEGUM ese ate eo naa acta hen ener the 8.0 6.3 
PAV EININ Baer ores sca eran eae Gara II.5 5-9 
RE YSUIIE ates irre heh ah, AC 
SEre oye at inc Sais shen, se Ss Breen): 

64.5 44.4 


* Amount not given. 

Since 100 grams of the ox muscle contained 16.18 grams 
of nitrogen and from this same material 44.4 grams of glucose 
may be calculated to arise, one may deduce the equation, 
D:N = 4% = 2.75 :1. If the-D,; N ratio is 3.65, 59 gm. of 
glucose, or 14.6 gm. more than the quantity above estimated, 
are eliminated in the urine when too gm. of protein are 
destroyed. These 14.6 gm. represent an additional amount of 
glucose, whose origin is unexplained and which is equal to 24 
per cent. of the total maximal production. Such sources of 
sugar might be cystin, which, if all the sulphur in protein were 
in that form, might at most yield 2 grams of glucose, serin 
whose solubility prevents accuracy of determination, and 
glycocoll formed synthetically. 
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Though the analytic methods are admittedly crude, yet 
they give some insight into the possibilities of transformation 
of a heterogeneous medley of amino-acids into a common 
substance, glucose, the carbohydrate of the organism.! 

Leucin, tyrosin, and phenylalanin, on the other hand, 
yield B-oxybutyric acid, or the end-product characteristic of 
fat metabolism, whereas the final products of valin, lysin, 
histidin, and tryptophan are unknown. 


ADDENDUM CONCERNING THE COMPOSITION OF THE URINE 


The urine removes the soluble products of metabolism 
from the organism and the respiration eliminates the gaseous 
products. The two mechanisms combined maintain the 
normal reaction of the blood. 

In general, the organic constituents of the urine comprise 
compounds which contain nitrogen. Dakin,? however, finds 
that formic acid, H.COOH, is a constant constituent of urine 
during fasting, and that the quantity is considerably increased 
after carbohydrate and after fat ingestion, to a lesser extent also 
after protein ingestion. He interprets this as signifying that 
all three foodstuffs yield formic acid as an end-product of 
their metabolisms. Although the production of formic acid 
may be considerable, it is so readily oxidizable that it is elimi- 
nated in only small amounts in the urine. 

The study of creatinin and creatin as excretory products 
was stimulated by the discovery by Folin of a quick and 
accurate method of determination. 

He gave a diet of milk, cream, and carbohydrate which 
is free from creatinin and the purin bases, and noted the 
effect of high and low protein content of the diet on the 
composition of human urine. 

One of Folin’s* experiments may thus be tabulated, per- 
centages being rendered in black type (see Appendix, p. 573): 

1 Further details, Lusk: “Archives of Internal Medicine,” 1915, xv, 939. 

? Dakin, Janney, and Wakeman: “Journal of Biological Chemistry,” 1913, 


xiv, 341. . 
$ Folin: “American Journal of Physiology,” 1905, xiii, 117. 


THE INFLUENCE OF PROTEIN FOOD 209 


INFLUENCE OF HIGH AND LOW PROTEIN DIETS ON THE RELA- 
TIVE AMOUNTS OF THE NITROGENOUS CONSTITUENTS 
OF THE URINE. 


Foon. CoMPOSITION OF THE URINE IN GRAMS. 
Ammo- | Uric -. | Undeter- 
In Cal-| Total Urea Fl : Creatinin : 
In Grams. eres N. N. - cr N. Biased 
Protein, 118 = 19 
ay. 8 a ene 2786 | 16.8 14.70 0.49 0.18 0.58 0.85 
ips 87-5%| 30% | 1.1% | 3.6% | 4.9% 
Protein,6 =1N. 
AE tS Berets seed 2153 3.6 2.20 0.42, 0.09 0.60 0.27 
Carpit400+5 est 61.7% | 11-3% 2.5% | 17-2% 7.3% 


A study of this table will reveal the fact that if a man ingest 
a diet containing a medium amount of protein, and again one 
that is nearly free from protein, the difference in the character 
of the urine in the two cases is almost exclusively due to a 
difference in the output of urea. The quantity of creatinin 
eliminated remains independent of the quantity of protein 
metabolized, and the same thing holds true, as a rule, for uric 
acid (see p. 540). This led Folin to distinguish between an 
endogenous protein metabolism which resulted in the constant 
and even production of creatinin and was a manifestation of 
cell metabolism, and an exogenous protein metabolism as rep- 
resented by the urea elimination which is in greater part de- 
rived from ingested protein. i 

Creatinin.—McCollum! has observed that pigs may be 
nourished for long periods of time when fed with a mixture of 
starch and inorganic salts in sufficient quantity to maintain 
their weights and energy requirements. After twenty-one to 
thirty-six days of this diet the relation of creatinin N to total 
N in the urine is a constant, or 18.5: 100. Since the crea- 
tinin N has this as an invariable constant (when the diet is 
free from this constituent) it follows that the true minimal 


1 McCollum: ‘American Journal of Physiology,”’ 1911-12, xxix, 210. 
14 
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endogenous level of protein metabolism may be calculated at 
any stage of the experiment by multiplying the quantity of 
creatinin N by 5.5 Nitrogen in excess of this is supposed to 
be derived from the destruction of ‘‘deposit protein” (see p. 
287). 

The table just given, which shows Folin’s urinary figures 
for the seventh day of a starch-cream diet in man, shows a 
relationship of 17.2 : 100 between creatinin N and total N, 
thus indicating that the principle may be applicable to 
man. 

The daily elimination of a gram or more of creatinin in 
the urine is certainly of moment. 

Creatinin continues to be eliminated after an Eck fistula 
(p. 451) has been established in a dog, indicating that the liver 
cannot be all important in its production. If creatinin be 
administered with the food it is almost completely elimi- 
nated in the urine.2. The creatinin elimination is not in- 
fluenced by muscular work,’ nor by the increased metabolism 
of body proteins which follows phosphorus-poisoning in fast- 
ing dogs.! 

All of these facts seem to indicate that there is a mechanism 
in the muscles which is constantly active preparing a def- 
inite quantity of creatinin. Whether this comes from arginin 
or not is unknown (see p. 204). 

Shaffer’ has proposed the term creatinin coefficient to 
represent the number of milligrams of creatinin nitrogen 
eliminated per kilogram of body weight in twenty-four hours. 
He believes this to be an index of muscular development. In 
37 normal men the creatinin coefficient was between 8 and 11. 
In full accord with this theory Tracy and Clark® find the 
creatinin coefficient of 26 normal women students in a profes- 

1 London and Boljarski: “Zeitschr. ie oor te Chemie,” 1909, Ixii, 465. 

? Folin: ‘“Hammarsten’s Festschrift,” 

§ Van Hoogenhuyze and Verploegh: Uzeioscbrift fiir physiologische Chemie,” 
1905, xlvi, 415. 

“Lusk: “American Journal & Physiology,” 1907, xix, 461. 


5 Shaffer: Ibid., 1908, xxiii, : 
6 Tracy and Clark: rane of Biological Chemistry,” 1914, xix, 115. 


THE INFLUENCE OF PROTEIN FOOD 25 


sional school to average 5.8. In two athletic women, with 
unusual muscular development and control through gym- 
nastic exercise, the creatinin coefficients were 9 and 9.8 or 
the same as in men. 

Arguing from the premise that the creatinin metabolism is 
an index of the quantity of active protoplasm of muscle 
tissue, Palmer, Means, and Gamble! have compared the basal 
metabolism of 8 men and g women in relation to their output 
of creatinin. The group of men produced 0.98 calories of heat 
per milligram of excreted creatinin, and the group of women 
1.26 calories for the same unit. If the premise is correct, then 
the mass of active protoplasm is not a factor in the measure- 
ment of the intensity of the basal metabolism (see p. 130). 

Creatin.—Creatinin is the anhydrid of creatin, a con- 
stituent of normal muscle. Creatin by treatment with acid 
is converted into creatinin as follows: 


N(CH3).CH2CO.H N(CH;).CHe 

C = NH + H;,0 = C= NH 

a \ 
NHz NH——C =O 
Creatin. Creatinin. 


The close chemical relation between these two substances 
has led to a search into the problem of their physiologic inter- 
relation, which as yet has been crowned with small success. 

Myers and Fine? report the following creatin content 
of muscle in various species: 


“NURS AS 5s Soon ECR ORO ee Ge OO Reena 0.39 per cent. creatin. 
Geet etre sel Gk cikvneliy wel TAR fs. 3 8. csi eRcy pe NE i 
(Gilead oak Sete) ADT Cee LHS ee eee ee O45 ka - 
ADD) Geers tartare ata heaiet ce Saadate oe a6 O:52 eee S 


When creatin is administered it may be destroyed or 
eliminated in the urine, but it is not eliminated as creatinin. 


1 Palmer, Means, and Gamble: “Journal of Biological Chemistry,” 1914, 
XIX, 230. : 4 ; 
2 Myers and Fine: Jbid., 1913, xiv, 9. 
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Folin! and F. G. Benedict? first reported the presence of 
creatin in the urine of fasting men and offered the hypothesis 
that it arose from disintegrating muscle tissue. Cathcart 
independently made the same observation, but witnessed the 
disappearance of creatin from the urine of the fasting man 
after giving him carbohydrate, and first suggested that carbo- 
hydrate metabolism was associated with creatin oxidation. 
Mendel and Rose‘ reached the same conclusion. 

The appearance of creatin in the urine in various other 
conditions has been attributed to the elimination of creatin 
liberated through muscle breakdown, but may now be ex- 
plained as due to lack of carbohydrate metabolism. Among 
the conditions reported in which creatin appears in the urine 
are phosphorus-poisoning,® carcinoma of the liver,® during the 
period of the involution of the uterus after parturition’ and 
also immediately before parturition.’ 

However, Mellanby® has shown that cesarean section with 
removal of the uterus is followed by the same excretion of 
creatin as after normal parturition. Morse” confirms these 
observations. 

That creatin elimination is not an index of cellular destruc- 
tion was beautifully shown by Stanley Benedict,"' who main- 
tained a phlorhizinized and fasting dog nearly in nitrogen and 
weight equilibrium by feeding him with washed meat. The 
results are given below: 


1 Folin: ‘Hammarsten’s Festschrift,’’ 1906. 
* Benedict, F. G.: Carnegie Institution of Washington, 1907, Publication 
No. 77, p. 386. 
3 Cathcart: “Journal of Physiology,” 1007, xxxv, 500. 
4 Mendel and Rose: “Journal of Biological Chemistry,” 1911-12, x, 213. 
5Lefmann: “Zeitschrift fiir physiologische Chemie,” 1908, lvii, 476. 
6 Van Hoogenhuyze and Verploegh: Jbid., 1908, lvii, 161. Also Mellanby, 
“Journal of Physiology,” 1908, xxxvi, 447. 
Shaffer: “American Journal of Physiology,” 1908, xxiii, 14. 
8Murlin: Jbid., 1909, xxiii, p. xxxi. 
a ® Mellanby, E.: Proc. of the Royal Society, London, Series B, 1912, lxxvi, 
0 Morse, A.: “Journal of the Amer. Med. Assoc.,”’ 1915, Ixv, 1613. 
_|\ Benedict, S. R., and Osterberg: “Journal of Biological Chemistry,” 1914, 
XVili, 195. 
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CREATIN EXCRETION IN A PHLORHIZINIZED DOG IN N EQUI- 


LIBRIUM 
WEIGHT. een Ne "Frow Norte eee asin DaN: 
Kg. Grams. | Grams. | Grams. | Grams. | Grams. 

Third day fasting} 7.62 eee 2:74 | —2)74 | 0.075 | 0.075 
Fourth day fast- 

ing: phlorhizin.| 7.58 sree 6.34 | —6.34 | o.110 | 0.074 3.9 
Second day phlo- 

BUIZIN A rss le 744: ©2.00 | II.901 | —1.21 | 0.154 | 0.071 3.4 
Fifth day phlo- ; 

MHIZUN oes, Geta 7.08 £3:40) 52-70 | —1-23) | ©.631 || «0,070" || 352 


On account of the maintenance of the quantity of body 
protein the creatinin excretion remained constant, but in 
spite of this maintenance there was a large elimination of 
creatin. At the completion of the experiments analysis of 
the muscle-cells showed more rather than less than the normal 
content of creatin. These are the only experiments which 
demonstrate an elimination of creatin without a corresponding 
loss of body tissue or loss of muscle creatin. Stanley Benedict 
concludes that the creatin elimination is due to complete car- 
bohydrate starvation, that under normal conditions creatin is 
probably formed in the organism in relatively large amounts, 
and is for the most part utilized or destroyed when carbo- 
hydrate is being oxidized as well. 

A long-continued carbohydrate diet which is free from 
protein reduces the quantity of creatin present in muscle 
tissue.! 

Muscular fatigue leaves the~creatin content of dog’s 
muscle unchanged from the normal.? 

Summarizing the known data, it appears that creatinin is 
not oxidized in the organism, but if formed is probably com- 
pletely eliminated in the urine, whereas creatin is continuously 
produced in quantities above the requirement for the satura- 
tion of muscle tissue, and this excess in the presence of carbo- 

1 Myers and Fine: “Journal of Biological Chemistry,” 1913, xv, 305. 


2 Mellanby: “Journal of Physiology,” 1908, xxxvi, 447; Scaffidi: “Biochem- 
ische Zeitschrift,” 1913, 1, 402. 
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hydrate oxidation may be destroyed, but in the case of carbo- 
hydrate starvation may be eliminated in the urine. 
Uric Acid.—See Chapter on Purin Metabolism. 


THE REACTION OF URINE AND BLOOD 

Ammonia.—Friedrich von Miiller! was the first to affirm 
that the number of grams of ammonia eliminated by an organ- 
ism during twenty-four hours might be used as an indicator of 
the intensity of acid formation within the body. Infection of 
the bladder leading to ammoniacal fermentation has sometimes 
caused erroneous deductions to be drawn from experimental 
data. Murlin and Bailey? found that the bladder, especially in 
women, could be irrigated to advantage with a warm saturated 
solution of boric acid in order to avoid this complication. 

To understand the conditions under which ammonia 
appears in the urine, one must understand the mechanism by 
which the blood is constantly held at a point the very slightest 
degree on the alkaline side of neutrality. 

Distilled water is absolutely neutral in reaction, that is to 

+ 


say, the number of free H ions is equal to the number of free 


hydroxyl ions OH.? A normal solution of hydrochloric acid 
contains 1 gram of free hydrogen ions in a liter of water, 
whereas in pure distilled water only one-ten-millionth of a gram 
of free hydrogen ions is present. Solutions are acid which have 
more than one-ten-millionth of a gram of hydrogen ions in a 
liter. They become alkaline when the hydrogen ion con- 
centration falls below this point, which for convenience may 
be written 10°’. Thus, when the hydrogen ion concentra- 
tion is one part in one hundred million or 107° the hydroxyl 
concentration represents one-millionth normal alkaline solu- 
tion. The hydrogen ion.concentration of the blood varies be- 
tween 10” (which it reaches only in severe acidosis) and ro *, 
which is attained only after the administration of alkalies. 

‘ Miiller: “von Leyden’s Handbuch der Ernahrungstherapie,” 1993, i, 261. 


2 Murlin and Bailey: “Archives of Internal Medicine,” 1913, xii, 288 
3 Consult Michaelis: “Die Wasserstoffiionenkonzentration,” Berlin, 1914. 
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The addition of one-millionth of a gram of hydrogen ions 
(which would be contained in 36.5-millionths of a gram of 
hydrochloric acid) to a liter of water would change its hydrogen 
ion concentration of 107 to one of less than 10 °. Some 
cells cannot live in this concentration of acid. 

In order to abolish cumbersome numbers, suchaso.35 X10 ’, 
Sérensen suggested that the negative exponent be used as a 
whole number. This is called the hydrogen ion exponent or 
Py. 


N/1o acid = 10 * Py =1 
N/1,000,000 = 107° Py = 6 
N/500,000 = 2 X 107° PH = 5-70 
(log. 2 = 0.3; —6+0.3 = — 5.70) 
N/28,580,000 = 0.35 X 10 7 Py = 7.45 


The last figure given above represents an alkaline solution 
of three ten-millionths normal, or the equivalent of 0.cc0012 
grams of NaOH dissolved in a liter of water. This is the usual 
alkalinity of the blood, and though so slight that it may almost 
be called neutrality is yet of definite importance. 

McClendon! after careful experimentation, concludes that 
the normal P,, of venous blood is 7.5, with a range between 
7.45 to 7.55. The extreme difficulty of the technic renders 
the reports of many experimenters only relatively accurate. 

The use of logarithms as expressive of acidity requires a 
little practice to accustom oneself to think, for example, that 
P,, = 5-70 represents a solution whose acidity is half that rep- 
resented by P, = 6. Also, it must be remembered that the 
smaller the figure, the higher the concentration of hydrogen 
ions. 

To Lawrence J. Henderson? belongs the credit of the follow- 
ing analysis: The proper action of physiologic processes de- 


1McClendon and Magoon: “Journal of Biological Chemistry,” 1916, 
XXV, 669. 

’2 Henderson, L. J.: “Ergebnisse der Physiologie,” 1909, viii, 254; “Journal 
of Biological Chemistry,” 1911, ix, 403. 
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pends on the accurate adjustment and preservation of temper- 
ature, molecular concentration, and neutrality. Within the or- 
ganism there is a constant formation of acid substances, princi- 
pally carbonic, sulphuric, and phosphoric acids, which imme- 
diately combine either wholly or in part, according to their 
several avidities, with the basic, constituents of the protoplasm 
and blood. In pathologic conditions B-oxybutyric acid and 
aceto-acetic acid claim their share of base. Metabolism, there- 
fore, operates to lower the unvarying alkaline reaction of the 
blood. This reaction, according to Henderson, is maintained 
under conditions in which 89 per cent. of the phosphates of the 
blood are dibasic, as in NazHPO,, and 11 per cent. monobasic, as 
NaH2PO,; and in which 93 per cent. of the carbon dioxid is 
present as in NaHCOs, and 7 per cent. free as free CO2. Hen- 
derson states that the arrangement of these four substances 
in the blood is such that the whole system surpasses in 
efficiency any possible closed aqueous solution of like con- 
centration for preserving the hydrogen ion concentration of 
the blood at the normal of 0.3 X 107”. 

If an acid be introduced into this system, not only may 
monosodic phosphate be formed from disodic phosphate or 
additional amounts of CO, dissociated from sodic bicarbonate, 
but both these acid substances may be eliminated by the kidney 
and lungs respectively, thereby maintaining the reaction at a 
normal level. The high diffusibility of these acid products 
assists in this regulation. 

If alkali increases in the system, this though converted into 
bicarbonate must necessarily be accompanied by a large in- 
crease in osmotic pressure. The elimination of an alkaline 
urine corrects this. 

Carbonic acid is lost through the lungs without loss of 
alkali to the body. 

Phosphoric and sulphuric acids are removed from the blood 
by the kidney in the forms of NaH2PO, and Na-SQ,. If they 
were removed in other forms the urine would be intensely 
acid. The ordinary acid formation in the human organism 
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corresponds to between 600 and 700 c.c. of N/r1o acid solution 
daily... On account of the bases in combination the actual 
Py in 222 specimens of urines for twenty-four hours from 16 
individuals showed an average value of 5.98, the range being 
between 5.1 to 7.2. For a short period the urine may be as 
alkaline as 7.4. Blatherwick’ finds the average P, of 30 urines 
of vegetarians to be 6.63. The titratible acidity appears to 
be a function of the ionized hydrogen present, and is almost 
wholly due to the excess of primary phosphate over secondary 
phosphate. 

The quantity of ammonia, though it presents a clear gain 
of so much alkali for the body, does not appear to vary for 
purposes of regulating the reaction of the blood. The main 
regulation is accomplished by the elimination of acid phos- 
phate and carbon dioxid. Only in pathologic conditions with 
acid formation is ammonia drawn upon for purposes of regu- 
lation. 

The body’s reserves of alkali are considerable, and re- 
plenishment is usually accomplished through alkalis con- 
tained in the food (see p. 361). 

According to Michaelis,‘ the reaction of the fluid which may 
be expressed from fresh tissues and thrown in boiling water to 
prevent postmortal acid formation is not alkaline like blood, 
but is almost exactly neutral. 

Bearing in mind the fundamental factors presented above, 
one may now consider the actual results of administering 
acids or alkalies upon the composition of the urine and blood. 

In the first place, it was shown by Haldane and Priestley® 
that a very small increase in the tension of carbon dioxid in 
the alveolar air was accompanied by a stimulation of the 
respiratory center. Krogh and Krogh’ proved that the tension 

_ ‘Henderson, L. J., and Palmer: “Journal of Biological Chemistry,” 1913, 
ay 2 Henderson and Palmer: Jbid., 1914, xvii, 305. 
3 Blatherwick: Jbid., 1914, xvii, p. xl. 
4 Michaelis and Kramsztyk: “Biochemische Zeitschrift,” 1914, lxii, 180. 


5 Haldane and Priestley: “Journal of Physiology,” 1905, xxxii, 225. 
6 Krogh and Krogh: “Skan. Archiv fiir Physiologie,” 1910, xxiii, 179. 
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of carbon dioxid in the alveoli closely follows that of arterial 
blood. Finally, Hasselbalch' showed that in reality an in- 
crease in the hydrogen ion concentration of the blood was the 
real stimulus to respiration, and thus caused the blood to be 
automatically relieved of excess of acid ions existing in the 
form of HCO;. In experiments he showed that when an 
acid urine was being secreted the CO, tension of the alveolar 
air was lowered, indicating increased acid in the blood. A 
diet which produced a less acid or an alkaline urine increased 
the CO, tension of the alveolar air, indicating a larger content 
of alkali in the blood. é : 

The figures for one experiment may be here reproduced: 


ALVEOLAR CO2 EO Eee 
TENSION IN 
Mo. He. At 40 Mm. CO2 At Alveolar CO2 
Tension. Tension. 
Meat diet lave naceens: 38.9 728 PRY: 
Vegetarian diet.......... 43-3 7.42 7.30 


In another experiment a larger volume of respiration was 
found to accompany the lower alveolar COQ, tension, as follows: 


ALVEOLAR CO2 ALVEOLAR VENTILATION 
TENSION IN Liters PER MINUTE 
Mu. He. AT 37 DEGREES. 
Meat. dict? a pean. cock ttre 38.5 4.40 
Vegetarian!’ dieteectc eee 43.1 4.08 


These results demonstrate that CO, acts only indirectly 
upon the respiratory center. For the maintenance of a con- 
stant reaction of the blood, more COs, is required in the pres- 
ence of alkali than in the presence of acid. The variation in 
the ventilation of the lungs, brought about by the sensitiveness 
of the respiratory center to H ions controls the CO: tension in 


1 Hasselbalch: “Biochemische Zeitschrift,” 1912, xlvi, 403. 
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the alveoli, so that the reaction of the blood remains practically 
unchanged under the two given different dietary conditions. 
It is only in exceptional cases that in the normal life of a 
man at rest the diurnal variation in the carbon dioxid tension 
of the alveoli exceeds the equivalent of 2 mm. of mercury. 
The administration of acid to such an extent that the 
reaction of the blood becomes acid produces death. Such 
blood cannot combine with carbon dioxid. Thus, after 
giving go c.c. of half-normal hydrochloric acid intravenously 
to a dog, death resulted in virtue of the production of an ex- 
perimental acidosis, the P, equalling 6.9 in the blood.2 The 
reduction. of carbonic acid in the blood of a rabbit from 45 
volumes per cent. to 10.1 per cent., with accompanying 
dyspnea, was observed by Loewy and Miinzer* after the 
administration of 0.72 gram of hydrochloric acid per kilogram 
of body weight, and Porges* has noted that intravenous in- 
jection of monosodic phosphate into a narcotized rabbit 
raises the respiratory quotient from 0.68 to 0.79, indicating the 
elimination of carbon dioxid from the plasma. 
If, however, acid in moderate quantity is given with food, 
increased ammonia production may neutralize the acid given. 
This has been beautifully shown with calves,' as appears in 
the following experiment: 


CALF: WEIGHT, 100 KG.; FOOD, 9.1 KG. OF MILK DAILY 


peep No. or NIN Nin Per CENT. | PER CENT. 
: Days. Foon. URINE. NN3s—N. | Urea N. 
Grams. Grams. 
No acid given, ......... 9 30.00 12.4 12.8 76.0 
220 c.c. normal HCl..... 6 30.00 12.4 19.4 74.1 
330 c.c. normal HCl...,. 7 30.00 11.5 chi, 55-8 
500 c.c. normal HCl..... 3 30.00 12.9 37.0 43.1 


1 Erdt: “Deutsches Archiv fiir klinische Medizin,” 1915, cxvii, 497; Hig- 
gins, “American Journal of Physiology,” 1914, xxxiv, 114. 

2 Levy, Rowntree, and Marriott: ‘Archives of Internal Medicine,” 1915, 
Xvi, 380. 

3 Loewy and Miinzer: ‘Archiv fiir Physiologie,” 1901, 81. 

4Porges: “Biochemische Zeitschrift,” to12, xlvi, 1. 

5 Steenbock, Nelson, and Hart: “Journal of Biological Chemistry,” 1914, 


xix, 399. 
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Only when the larger quantities of acid were administered 
did it appear that the bones were attacked, and this was at the 
expense of their calcium carbonate content. The administra- 
tion of acid did not prevent the growth and development of 
the calf. 

In man hydrochloric acid may be given with a similar 
protective rise of ammonia, as appears below:! 


CONSEQUENCE OF ADDING HYDROCHLORIC ACID TO THE 
DIET OF MAN. DAILY AVERAGES 


ALVEOLAR TENSION 
Per CENT. URINE. 
No. oF 
Days. 
COz. Oz. N. NHs3. P20. Cl. 
Grams. Grams. Grams. Grams. 

Normal diet...| 3 6.00 5:TO ||) 13.50 0.92 1.92 4.28 
Same -- HCl.<} <3 5-98 5.36 | 13.65 1.59 225 7.92 


In the above experiment 85 c.c. of a solution containing 
12 per cent. or 10.2 grams of chlorin was added to the food 
during three days, being an average of 3.4 grams of chlorin per 
day. This would require 1.6 grams of ammonia to effect its 
neutralization. On the third day of acid administration the 
ammonia rose to an output of 2.03 grams. The phosphates 
increased 12 per cent. and there was a rise in the acidity of the 
urine. As the result of these protective agencies the carbon 
dioxid tension in the blood remained unchanged after the 
administration of hydrochloric acid. 

In certain pathologic states, such as diabetes, phosphorus- 
poisoning, nephritis in some of its forms, the so-called food 
intoxication of infants,? and other conditions, there is an in- 
creased production of ammonia in the body for the neutraliza- 
tion of acids of endogenous origin. This may be accompanied 
by a withdrawal of body alkali, so that the power to combine 


' Begun, Herrmann, and Miinzer: ‘“Biochemische Zeitschrift,” 1915, 1xxi, 


it 
?Howland and Marriott: ‘““American Journal of Diseases of Children,” 
1916, Xi, 300. 
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with carbon dioxid is greatly reduced and the alveolar tension 
of CO, falls in consequence. However, even under these 
conditions the reaction of the blood may remain unaffected. 
This is strikingly illustrated in the experiments of Poulton! on 
cases suffering from severe diabetes, in which condition B-oxy- 
butyric acid is largely formed. (See table, p. 468.) 

The blood of the first six patients showed a normal Py. 
Only in the depth of coma a few hours before death is there a 
distinct fall in alkalinity, and, indeed, this fall may not be as 
great as in a normal person after climbing a thousand feet in 
twenty-five minutes, under which circumstances the Py may 
be 7.09 (see p. 322). 

It is evident that the reaction of the blood in severe 
diabetes is maintained at the normal through the reduction of 
its carbon dioxid content. Such a reduction in carbon dioxid 
combining power indicates a reduction in the alkali reserve 
of the blood, and forms the basis of the important method of 
Van Slyke for investigating the intensity of acidosis. 

That ammonia in the urine is an indicator of acid formation 
and not due to a pathologic disturbance of urea formation 
was shown by Muenzer,? who gave alkali in cirrhosis of the liver 
and reduced the quantity of ammonia elimination to normal. 
Fiske and Karsner® find that livers which have been severely 
damaged in the living animal by administration of chloroform, 
phosphorus, hemolytic immune sera, hydrazin sulphate, or 
phlorhizin still preserve the power of transforming perfused 
ammonium carbonate into urea. Janney,‘ in von Miiller’s 
laboratory, gave bicarbonate of sodium to men and found that 
the quantity of ammonia in the urine was reduced to almost 
undeterminable traces; hence the ammonia in the urine has 
as its sole function the neutralization of acid bodies and 
ceases to be formed in the presence of an excess of fixed alkali. 


1 Poulton: Proceedings of the Physiological Society, p. i; “Journal of Phys- 
iology,” rors, l. : : ri 

2 Muenzer: “Deutsches Archiv. fiir klin. Med.,”’ 1804, lii, 199 and 417. 

3 Fiske and Karsner: “Journal of Biological Chemistry,” 1914, xviii, 381. 

4Janney: “Zeitschrift fiir physiologische Chemie,” 1911-12, Ixxvi, 99. 
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Howland and Marriott! find that the administration of 
acid phosphates causes no increase in ammonia in the urine. 

Klein and Moritz? found that on the day following a diet 
which was rich in fat there was an increase in the quantity of 
fixed alkali in the urine and a corresponding fall in the quantity 
of ammonia. They interpret the results as signifying that 
the alkali was temporarily involved in fat metabolism (for- 
mation of soaps) and was eliminated when this need was no 
longer present. 

The consideration of the ingestion of alkalies and bases in 
the food will be discussed in the chapter on A Normal Diet. 


1 Howland and Marriott: Reported at the meeting of the American Phys- 
iological Society, December, 1916. 
2 Klein and Moritz: ‘Deutsches Archiv fiir klin. Med.,” 1910, xcix, 162. 


CHAPTER VII 
THE INFLUENCE OF PROTEIN FOOD (Concluded) 


PART II—THE RESPIRATORY METABOLISM 


THE discussion of the more important details of the break- 
down of amino-acids in the organism reveals the modern 
beginning of mental penetration into the biochemical reactions 
in the organism. 

The gross results of protein ingestion are to be ascertained 
by other means, by a study of the respiratory metabolism and 
by calorimeter observations. 

Bidder and Schmidt! gave meat to the full extent of its 
appetite to a cat which had previously been starved and 
reported the following figures for the respiratory exchange: 


CO2 O2 
Grams. Grams. 
SSEIN Bieta 3 eects ny 5 Lome Reet i 5352 50.18 
Excessive meat ingestion...........:.. 113.52 103.84 


Many subsequent experiments have brought to light this 
characteristic increase in metabolism after the maoek of 
protein in excess. 

In 1862 Pettenkofer and Voit (see p. 15 5) noted that after 
giving meat in large quantity a portion of the carbon of the 
protein metabolized was retained in the body, which they in- 
terpreted as indicating a production of fat from protein. 
Frank and Trommsdorff? and also Rubner® gave meat in large 
amount to dogs, and determined the carbonic acid output of 
the animals during intervals lasting between three to six hours. 


1 Bidder and Schmidt: “Verdauungssafte und Stoffwechsel,” 1852, p. 356. 
2 Frank and Trommsdorff: “Zeitschrift fiir Biologie,” 1902, xliii, 266. 
3 Rubner: “‘Gesetze des Energieverbrauchs,”’ 1902, p. 365. 
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The first named authors noted that although the urinary 
nitrogen elimination showed a maximum rise of nearly eight 
times that of fasting and varied greatly, the carbonic acid 
elimination was not so largely increased and was much more 
even. 

The details of the results following the ingestion of large 
quantities of meat by a dog are to be found in the calorimetric 
observations of Williams, Riche, and Lusk.! These authors 
made observations in hourly periods upon the nitrogen in the 
urine, the carbonic acid elimination and oxygen absorption, 
and the heat production of a dog following the ingestion of 
1200 grams of meat. The results are in part presented in the 
accompanying curve: 


223012345 67 8 9 01) 2 13 14 15 16 I7 18 19 2021 
HOURS AFTER 1200 GRAMS MEAT 


Fig. 15.—Showing the R. Q., the total metabolism determined by indirect 
(heavy black line) and direct (broken line) calorimetry, as well as the nitrogen 
ee (dotted line), during hourly periods after the ingestion of 1200 grams 
of meat. 


1 Williams, Riche, and Lusk: “Journal of Biological Chemistry,” 1912, xii, 
349. 
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During the fourth hour the nitrogen in the urine reached 
a level of 1.80 grams and remained between 1.76 and 2 grams 
per hour during a period of eleven hours. During this period 
the heat production was nearly twice the normal basal metab- 
olism, and the increase was proportional to the increase in pro- 
tein metabolized as calculated from the increased nitrogen elim- 
ination above that of the basal metabolism. However, during 
the second and third hours, in which the increase in heat 
production almost reached its maximum, the urinary nitrogen 
was only 0.89 and 1.55 grams respectively. This is due to 
the fact that urea was accumulating in the blood and the 
quantity of its elimination in the urine did not at first truly 
represent the intensity of the metabolism of protein (see p. 173). 
This fact is made certain by the curve of glucose and nitrogen 
elimination obtained by Janney! after giving serum albumin 
to a phlorhizinized dog (see p. 243). In this curve the glucose 
elimination reached its maximum during the first hour, the 
nitrogen elimination during the fifth. It seems also probable 
that after giving 1200 grams of meat to the normal dog 
the establishment of a plateau of even nitrogen elimination 
indicates that during this period the influx of protein nitrogen 
from the intestine equalled its destruction within the cells and 
its outgo through the urine. When a fall in the nitrogen 
output set in, the metabolism also fell as the result of the de- 
crease in protein metabolism. 

During an experimental period of twenty-two hours the 
heat production calculated from the excreta was 738.5 calories, 
and directly measured by the calorimeter was 718.5 calories, 
a difference of 20 calories, or 2.7 per cent. During the first 
two experimental hours there was always a considerable 
discrepancy between indirect and direct calorimetry. It is 
now certain that this was due to the fact that the meat was 
given when cold (see p. 123). Allowing for this error, the 
indirect and direct methods agree within less than 2 per cent. 

An interesting fact revealed in the analysis of the respira- 

1 Janney: “Journal of Biological Chemistry,” 1915, xx, 329. 
15 
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tory exchange is that, beginning with the second hour and 
continuing for fourteen hours after the ingestion of protein, 
the respiratory carbon dioxid is less than that which one would 
expect if all parts of the protein complex were oxidized. 
There is, therefore, carbon retention during this period. Such 
carbon might have been retained in the form of carbohydrate 
or of fat. Schreuer! gave goo and 1500 grams of meat to a 
dog and determined the metabolism by the Zuntz method 
from three to four hours after meat ingestion. He concluded 
from the respiratory quotient that carbon derived from protein 
was retained in the form of carbohydrate. New confirmation 
of the conversion of part of the protein molecule into glucose 
was afforded by the oxygen absorption of the dog of Williams, 
Riche, and Lusk during various periods following the ingestion 
of 1200 grams of meat. These facts are here set forth: 
TABLE CONTRASTING THE ACTUAL OXYGEN INTAKE WITH 
THAT REQUIRED BY THEORY IF THE CARBON RETENTION 


HAD BEEN IN THE FORM OF GLYCOGEN OR OF FAT. 1200 
GRAMS MEAT INGESTED AT NOON. 


CALortes. Cc O2 Oz 
rare RETAINED O2 (RETAINED (C Re- 
: (CALC. AS ACTUAL. AS GLU- | TAINED AS 

Found. Calculated. | GLUCOSE). COSE). Fat). 

P.M. 
T-A5— 02-45. eae 41.70 0.10 13.63 12.00 12.95 
2.45- 3.45..| 40.40 41.29 1.93 13.20 12.56 11.73 
3.45- 6.45..| 121.91 124.82 7.86 43-257 40.61 37-23 
6.45- 9.45..] 122.11 122.86 7.86 40.35 40,01 36.63 
9.45-12.45..| 106.70 I11.67 7.50 35-47 36.41 33-19 
P245—eT 4 Sees G06 36.82 3.42 11.34 12.13 10.66 
T45— 2-450 8 ware 7e 29.32 2.75 9.31 9.65 8.47 
2:A5— 3.45, | LOA 24 62.36 3.08 19.56 20.19 18.87 
557-85 570.84 34.50 186.20 184.55 169.73 


Dif. = 2.3 per cent. Dif. = 0.9 per cent. |Dif.=10% 


34.5 grams glucose : 28.3 grams N ::1.2:1 


* Small leak in the apparatus during this period determined the day fol- 
lowing to amount to about. 1 gram Op, per hour. 


The respiratory quotients (see Fig. 15) fall during the 
hours of carbon retention to below that of protein itself’ 


1Schreuer: “Pfliiger’s Archiv,” 1905, cx, 227. 
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(which is 0.80), because the unoxidized carbohydrate is re- 
tained in the organism as glycogen. If the carbon were 
retained in the organism as fat, the respiratory quotient 
would rise. If one considers the period between the hours of 
6.45 to 9.45 P. M., one obtains the following picture of what 
occurs: 


METABOLISM OF A DOG DURING A THREE-HOUR PERIOD OF 
MAXIMAL PROTEIN CARBON RETENTION AFTER 1200 GRAMS 
MEAT. 


RECT. 
(C Rete S = re. 14 Grams.) 
DrirEctT. : 
If Retained If Retained 
as Glucose. as Fat. 
ates ee ee 
Calories paste aaa ie oc 522.05 122.86 113.32 
Oxygen, grams.. f 40.35 40.01 36.63 
Respiratory quotient.. 0.77 O77 0.85 


It is obvious from these figures that the oxygen absorption 
and the heat production prove the retention of carbon either in 
the form of glucose or glycogen in the organism. During the 
fourteen hours of carbon retention following the ingestion of 
1200 grams of meat, the actual oxygen absorption was 186.2 
grams against a value of 184.5, calculated on the assumption 
that carbon was stored as glycogen or a difference of 0.9 per 
cent. If the carbon had been retained as fat, 169.7 grams of 
oxygen would have been required, or ro per cent. less. 

During these fourteen hours 34.5 grams of glucose were 
stored as glycogen in the organism and 28.3 grams of N were 
eliminated in the urine. This yields a D : N ratio of 1.2 : 1. 
Since 3.6 is the maximum yield of glucose per gram of N in 
diabetic urine, it is evident that one-third of the glucose 
derivable from protein in metabolism was retained in the 
organism and deposited in the liver and other glycogen 
reservoirs. This represents 20 per cent. of the total energy 
contained in the protein metabolized. 
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The production of glucose from protein is not an emer- 
gency process as some writers maintain, but it is a normal 
function. 

A question which has aroused great interest is that con- 
cerning the production of fat from protein. Pettenkofer and 
Voit! found that after ingesting considerable quantities of 
protein, although the nitrogen of the protein was eliminated in 
the urine, a part of the carbon was retained in the body and 
not excreted by the usual channels. They estimated that 
meat protein contained 3.68 grams of carbon to each gram of 
nitrogen. If less than 3.68 grams of carbon appeared in the 
total excreta when 1 gram of nitrogen was eliminated, then 
some protein carbon must have been stored in the body. 
This carbon might have been retained in two forms—as 
glycogen or as fat. Claude Bernard had shown that glycogen 
increases in the liver after the ingestion of protein. The 
retained carbon as observed by Pettenkofer and Voit was in 
such large quantity as to preclude the possibility of its re- 
tention entirely as glycogen, and therefore they concluded 
that fat must have been prepared from protein and stored 
up in the body. This afforded an experimental basis for 
the theory of a production of fat from protein in fatty de- 
generation. 

Later Rubner,? in Voit’s laboratory, showed that the 
relation 3.68 C :1 N in protein, as used by Pettenkofer and 
Voit, was inaccurate, and that meat fully extracted with ether 
contains only 3.28 of carbon to one of nitrogen (see p. 39). 
The polemical arraignment by Pfliiger? of Voit’s older work 
was based upon these results of Rubner. Instead of there 
being a great retention of protein carbon, there was none 
in some experiments and very little in others. The formation 
of fat from protein was evidently less easy of demonstration 
than it had seemed. 


1 Pettenkofer and Voit: ‘“Annalen der Chemie und Pharm.,” 1862, II 
Supplement, pp. 52 and 361; “Zeitschrift fiir Biologie,” 1871, vii, 433. 

2? Rubner: Jbid., 1885, xxi, 324. 

3 Pfliiger: “Pfliiger’s Archiv,” 1892, lii, 239. 
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The subject was investigated anew by Cremer,! who 
starved a cat for many days, and then gave the animal all 
the lean meat it would eat, or about 450 grams a day. The 
cat was kept in a respiration apparatus and the total excreta 
were collected. The carbon belonging to the meat ingested 
was calculated at the low ratio of 3.18 to 1 of nitrogen. The 
average daily metabolism during the eight days of meat 1 in- 
gestion is indicated in the following table: 


WEIGHTS IN GRAMS 


Meat C calcu- C from meat 


N in urine F Cin lated from added to the 
and feces, Urine, Feces, Respiration, N excreted, body, 
13.0 afb I.4 25.4 41.6 Te 
— cx ~ 
34-3 | 


There was a daily excretion of 13 grams of nitrogen corre- 
sponding to the liberation of 41.6 grams (13 X 3.18) of protein 
carbon. But only 34.3 grams of carbon were actually elimin- 
ated from the body, and a difference of 7.3 grams was re- 
tained in the body; 17.5 per cent. of the protein carbon there- 
fore was not eliminated. For eight days the whole carbon 
retention was 58 grams, which corresponds to a glycogen 
production of 130 grams. ‘The cat, however, contained only 
35 grams of glycogen, determined after killing it at the end of 
the experiment. The balance of the carbon must have been 
stored as fat. 

Cremer? notes that a cat fed as above contains 1.47 per cent. 
of muscle glycogen, which is as much as the maximum (1.37 
per cent.) found by E. Voit in geese after the ingestion of 
starch. One should here recall that Pfliiger (see p. 175) found 
as much as ro per cent. of glycogen in the liver of a previously 
fasting dog after it had been fed with codfish. This is as 
much glycogen as would have been deposited after carbohy- 
drate ingestion. 


1 Cremer: “Zeitschrift fiir Biologie,” 1899, xxxviii, 309. 
2 Cremer: [bid., 1899, xxxviii, 313. 
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Since it is known that sugar in excess may be converted into 
body fat and that meat may yield 58 per cent. of sugar in 
metabolism, there is every reason to believe that if protein be 
ingested in excess the deaminized residues of many of the 
amino-acids may be converted into glycogen, and then, if 
this pathway be closed through saturation of the body-cells 
with glycogen, fat is formed instead (see p. 304). 

It is quite possible that the origin of fat from protein is in 
its nature the same as the origin of fat from carbohydrates. 

In the first edition of this work (1906, p. 123) it was com- 
puted from the investigations of Cremer with the cat and from 
those of Rubner with a dog that 4o per cent. of the protein 
carbon which was capable of conversion into glucose could be 
retained in the organism either as glucose or as fat. This 
is to be compared with 33 per cent. of such glucose retention 
indirectly measured by Williams, Riche, and Lusk. 

An interesting contribution to the subject of the possible 
formation of fat from protein has been made by Weinland,! 
who found in the case of the blow-fly (calliphora), which 
lays its eggs in meat, that both the larve and a pulp made 
by crushing them. had the power, in the absence of oxygen, to 
split peptone into amino-acids, deaminize these with evolution 
of ammonia, and then with evolution of carbon dioxid to 
produce higher fatty acids, presumably through synthetic 
union of fragments of the acids which had been freed of their 
amino groups. Such a procedure reasonably explains the 
formation of fat from protein in the sense of the older theories 
(see p. 171). 

The question of a “fatty degeneration” of protein under 
pathologic conditions is another matter and will be consid- 
ered in another place. (See Chapter XVI.) 

The experiments already described bring to light a very 
striking change in the metabolism after the ingestion of protein 
in excess. The total heat production is markedly increased. 
To what may this be due? 


1Weinland: “Zeitschrift fiir Biologie,’”’ 1908, li, 197. 
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Von Mering and Zuntz! believed that such increased 
metabolism was due to the activity of the intestinal tract 
after the ingestion of food. 

Voit? criticised this view, and said that a rise in the carbon 
dioxid excretion from 366 grams in starvation to 783 grams 
after ingestion of 2500 grams of meat by a dog (see p. 155) was 
too great to be due to intestinal activity, and, indeed, cor- 
responded to the rise noted only after the hardest exercise. 
Furthermore, Voit had shown that after giving a medium 
quantity of fat, the carbon dioxid excretion and oxygen 
absorption were almost the same as in hunger, notwithstanding 
the activity of the filled intestine.’ 

This question has received very painstaking and elaborate . 
investigation at the hands of Rubner, who has published his 
results in a book entitled “Die Gesetze des Energieverbrauchs 
bei der Ernahrung.” This volume is an extension of a work of 
which a preliminary communication was published by Rubner* 
from Voit’s Munich laboratory in 1885. 

Rubner shows that bones given to a dog will not increase 
his metabolism in spite of the intestinal irritation, so the » 
increase after meat ingestion is not due to a nerve reflex of 
mechanical nature. Further, the metabolism is not raised 
after the ingestion of meat extract, so the chemical stimulus of 
flavors which start activity in the glands does not affect total 
metabolism. Again, the ingestion of water in the quantity 
contained in meat, while it may cause a rise in nitrogen in the 
urine followed by a fall—the rise being due to a rapid washing 
out of nitrogenous decomposition products—does not alter 
the total metabolism in any way. 

Lusk® has shown that urea when given in the quantity 
which would be liberated from considerable amounts of meat, 

1 von Mering and Zuntz: ‘‘Pfliiger’s Archiv,” 1877, xv, 634. 

2 Voit: “Physiologie des Stoffwechsels,” 1881, p. 209. 

_ *Compare also Benedict, F. G., and Pratt: “Journal of Biological Chem- 
istry,” 1913, XV, I. : 

4Rubner: ‘“Sitzungsberichte d. kgl. bayr. Acad. d. Wissenschaft,” 1885, 


Heft 4. 
5Lusk: “Journal of Biological Chemistry,’ 


S 1OLsy aul, 275 
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and sodium chlorid, the ingestion of which might induce 
osmotic exchanges in the cells, have no effect upon the heat 
production. 

Benedict and Emmes! have demonstrated that cathartics 
and agar-agar when given to man have no effect upon total 
heat production in spite of the intestinal activity which they 
produce. 

The absence of true “intestinal work” or ‘““Darmarbeit” in 
the sense of Zuntz is further shown by the fact that Johansson? 
has given a fasting man 75 grams of glucose without the 
slightest increase in the output of carbon dioxid. If glucose 
had been consumed the carbon dioxid excretion would have 
risen (see p. 289), therefore glucose was retained as glycogen. 
Since all these processes were without effect on the carbon 
dioxid output, it follows that the intestinal activities involved 
did not cause an increase in the total metabolism. Of similar 
import are the results by the same writer after administering 
50 grams of glucose to a diabetic. The sugar was absorbed 
and eliminated in the urine without affecting the carbon 
dioxid output. 

The increase in metabolism is greater in the case of protein 
than with any other food-stuff. Rubner calls this action of 
abundant protein food in raising the metabolism the specific 
dynamic action of protein. Rubner found that when dogs 
were fed with meat their bodies metabolized in largely in- 
creased measure without doing any external work. A more 
rapid respiration.alone betokened the increased oxidation and 
the effort of the body to rid itself of excess of heat through 
physical regulation. The temperature of the dogs scarcely 
changed, so perfect is the regulatory mechanism for the 
discharge of heat. Thus in one dog the temperature was 
38.16° before the meal, 38.74° during the digestion, and 38.17° 
at the end of digestion. 

If a large quantity of protein be ingested day after day, 


1 Benedict, F. G., and Emmes: “American Journal of Physiology,” ror2, 
XXX, 197. 2 Johansson: ‘“Skan. Archiv fiir Physiologie,” 1909, xxi, 1. 
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then the usual specific dynamic action occurs and also a 
continued ‘‘secondary” rise in total day-to-day metabolism, 
which increases with the continual increase in protein metab- 
olism. When nitrogen equilibrium is established the heat 
production remains constant at a higher level. 

Rubner! illustrates this important fact in the following 
experiment on a dog, the food of which contained 17 grams 
of nitrogen: 


CALORIES IN TorTaL CALORIES OF 
Meat INGESTED. N To Bopy. CARBON TO Bopy. METABOLISM. 
pe arararciak etetetccetave. te: — Tesh aise 310.61 
Omar after tecteetains oi — LoS 2 Bietose 278.00 
APLAR eee ta, See ie 3-05 2.97 311.43 
AMEE Reg eee ets Odin dhe Mas,2 2.80 3.70 333-82 
ie Se 5 Si ECR Ren 2.30 1.61 308.41 
AaB eee ee acy Soh eet 2.20 21R3 361.70 
Pa SC EAN Cow ee ERC ee 0.92 4-45 375-47 
AOE Sa rata store sy 2 oes 0.20 4.31 305-77 
Olt a lo See IRCA De —3.70 Sete 357-20 
(OW ES ort A Ae ees — 2.64 ae 310.29 


This experiment of Rubner shows that the amount of 
protein carbon retained in the body for the production of 
carbohydrate or fat has nothing to do with the intensity of 
the specific dynamic action. Protein retention is much more 
readily brought about on a mixed diet containing large 
quantities of carbohydrates, as will be seen in a subsequent 
chapter. 

Thus far in this book the influence of external temper- 
ature upon the course of protein metabolism has not been 
discussed. Rubner has shown that this is a factor of profound 
significance. It has already been demonstrated how, through 
chemical regulation, the basal requirement of the body is 
reflexly increased by increasing cold in the environment. 
Rubner* compared the starving metabolism of a dog at 
different temperatures with that of the same dog when 100, 
200, and 320 gsams of meat were ingested. The results are 
presented as follows in terms of calories produced per kilogram 
of body weight: 


1 Rubner: “Die Gesetze des Energieverbrauchs,”’ 1902, p. 246. 
2? Rubner: Jbid., p. 109. 
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INFLUENCE OF EXTERNAL TEMPERATURE ON METABOLISM 
AFTER PROTEIN INGESTION 


| 


too Gm. MEAT | 200 GM. Meat | 320 Gu. Meat 
TEMPERATURE. STARVATION. or 24 CAL, or 48 CAL. or 81 CAL. 
PER Ko. PER Ko. PER Ke. 

Oi cete hoe hake ree 86.4 Aas TW AA 87.0 
65 tect poe see 63.0 eos oar 86.6 
20 eee cee ners 55-0 55-0 57:0 76.3 
7 co | 54.2 55-5 64.9 . 
30 aienhinemigdnaots 56.2 55-0 63.4 83.0 


One hundred grams of meat did not change the metabolism 
at 20°, 25°, or 30°; 200 grams of meat had no effect at 20° or at 
7°, but at 25° and at 30° there was an increase, although the 
food contained fewer calories than the requirement. With 320 
grams of meat there was a great increase above the starvation 
requirement, except at 7°, where it is a maintenance diet and 
the metabolism remains unchanged. In other words, at a 
temperature of 30° the specific dynamic action of this amount 
of protein is capable of increasing the heat production above 
that of starvation by about 53 per cent., while at 7° there is no 
change whatever. It is also evident that at a high temperature 
even a small quantity of protein, such as: 200 grams of meat, 
causes a considerable rise of metabolism. 

Rubner gives the metabolism in terms of calories per 
kilogram after the ingestion of 550 grams of meat or 173.8 
calories per kilogram of body weight in a dog, as follows: 


TEMPERATURE. STARVATION. 550GRAMS Meat. INCREASE. 
Aad? id narache eat tense ert 128.1 133-5 4.2 per cent. 
TAS elds aces eee 100.9 110.9 0.9 - 
CE RS ARARE NASH drained foc 70.7 TOIMOM ADO) ue 
20.7 2icoe tee eee ee 62.0 TLGs2. | Sho ae 


In certain cases after food ingestion the carbon dioxid 
excretion may remain constant at different temperatures of 
environment. This action is seen in the dog mentioned on 
this page after he had eaten 320 grams of meat at various room 
temperatures. The increase in body metabolism due to the 
stimulus of cold (chemical regulation) is not necessary, since 
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heat in excess of the requirement is already available. All 
that is needed is the arrangement of avenues of escape for the 
excess of heat produced from the food ingested (physical regu- 
lation). This physical regulation is brought about by the 
evaporation of water and by a change in the distribution of 
the blood. 

How the increased evaporation of water enters as a re- 
frigerating factor is beautifully shown in the experiment on 
the dog (p. 234) which fasted and then received 100, 200, and 
320 grams of meat at various room temperatures. The 
distribution of the loss of heat by radiation and conduction 
and by the evaporation of water was as follows: 


DISTRIBUTION OF HEAT LOSS FROM A DOG AFTER MEAT 


INGESTION 
HUNGER. roo Grams Meat. 200 Grams Meat. | 320 Grams Meat. 
TEm- 
pepa- | Cal. from | Cal. from | Cal. from | Cal. from | Cal. from | Cal. from | Cal. from | Cal. from 
TURE Radia- | Evapora-| Radia- | Evapora-| Radia- | Evapora-| Radia- | Evapora- 
tion and | tion of | tionand | tion of | tionand | tion of | tion and | tion of 
Conduc- | Water. | Conduc- | Water. | Conduc- | Water. | Conduc- | Water. 
tion. tion. tion. tion. 
de 78.5 7.9 opts ers 67.1 10.6 78.5 9.4 
T5 +++] 55-3 DAME Mae 6 Ae 40.7 tee 76.2 10.4 
20°...) 45.3 10.6 46.7 9.2 49.5 15.4 
AS TAR PP Ce, 73.2 
° 
BOen | 3or2 23.0 34.1 21.5 27.8 35.6 34.5 48.5 


It is evident from the above that the greater part of the loss 
of heat at a low temperature was by radiation and conduction, 
but at a high temperature (30°) the loss by the evaporation of 
water was largely increased. The extra heat production on . 
account of the specific dynamic action of the protein was lost 
through the increased evaporation of water. Much meat on 
a hot day would, therefore, seem contraindicated. 

While the chemical regulation protects the body from an 
abnormal fall in temperature, the physical regulation prevents 
an abnormal rise in temperature. The organism may be at 
times under the influence of one means of regulation, at times 
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of the other, and without being conscious of any difference. 
Cold-blooded animals have inadequate chemical regulation, 
and their temperature falls with that of their surroundings (see 
p. 114). 

A study of the specific dynamic action of protein in its re- 
lation to temperature changes gave Rubner! new points of 
view. He saw (experiment on p. 234) that by chemical 
regulation the metabolism in a fasting dog was increased from 
54 to 86 calories per kilogram, an increment of 32. And he 
likewise observed that after the ingestion of 320 grams of meat 
the heat produced at a room temperature of 30° rose from 56 
in starvation to 83, a difference of 27 calories. The source of 
the increase through chemical regulation is known to be 
chiefly in the muscles. The increase brought about by protein 
ingestion had been shown by Rubner to be due not to any 
such thing as intestinal activity (see p. 231), but rather to 
some specific heat-raising effect of protein metabolism itself. 
It was apparent that these two sources of increased heat 
might enter into a reciprocal arrangement, because on cooling 
the atmosphere in which the dog lived to 7° C. the metab- 
olism, after the ingestion of 320 grams of meat, remained at 
87.9 calories in contrast with 83.0 on feeding at 30°. Here 
the heat due to the specific dynamic action was used in replace- 
ment of that induced by chemical regulation. This illustrates 
Rubner’s modified idea of his compensation theory, or a reci- 
procity between heat produced in the muscles by chemical 
regulation and the extra heat production brought about 
through the ingestion of food. 

Since the extra heat production after food ingestion could 
be utilized instead of heat from chemical regulation, Rubner 
perceived that the true increase through specific dynamic 
action could be measured best at the temperature of 33°, 
where there was no reflex increase in metabolism through 
chemical regulation. 

It was especially important to make experiments regarding 


1Rubner: ‘Energiegesetze,” p. 145. 
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the action of food-stuffs at a temperature of 33°, for that is the 
temperature with which man surrounds his skin. By means 
of clothes and artificial heating man constantly tries to re- 
move himself from the influence of chemical regulation. His 
daily life is practically under the influence of a tropical climate. 
His metabolism is unchanged from the normal when he is 
immersed in a bath at 33°.! 


pera eyesore erry | PT |e 
See ee ees 
aL | teal es 


s of Luxperiment. 

Fig. 16.—Rubner’s chart see the specific dynamic action of different 

food- stuffs ingested at a room temperature of 33°. The dotted line indicates 
the height of the fasting metabolism. 


oe 


Rubner, therefore, planned an experiment in which a dog 
was kept at a temperature of 33°. At times the animal was 
made to fast in order that the basal requirement could be de- 
termined, and during other definite periods meat, fat, and car- 
bohydrates, either alone or combined, were ingested, and the 
increased metabolism due to the varying dietaries was noticed. 
The experiment extended over a period of forty-six days. 


1Rubner: “Archiv fiir Hygiene,” 1903, xlvi, 390. 
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A summary of the results obtained is graphically illustrated 
by the accompanying Fig. 16, which has been taken from 
Rubner.! 

It is clearly evident that meat ingestion raises the metab- 
olism most, fat next, and sugar least of all the food-stuffs. The 
ingestion of the starvation requirement for energy in the form 
of fat raises the metabolism 12.7 per cent.; in the form of 
sugar, 5.8 per cent. During the two periods, when approxi- 
mately 100 per cent. of the basal requirement was ingested as 
meat, there was an average increase in the metabolism of 36.7 
per cent. 

After making deductions for the effect of the fat contained . 
in the meat given, Rubner computed that there was an average 
increase in metabolism of 30.94 calories for 100 calories 
contained in the protein of the diet in the resting animal when 
it was outside of the influence of the chemical regulation of 
temperature. The action of gelatin is similar, the increase 
in metabolism being 28 per cent. for every too calories in the 
gelatin ingested. 

Again Rubner? has determined the amount of the metab- 
olism of a fasting dog and that of the same dog made diabetic 
with phlorhizin (see p. 474). Under the latter circumstances 
the protein metabolism is greatly increased. He found that 
for every 100 calories increase in body protein broken down 
there was an increased heat production of 31.9 calories. Here 
was arise in heat production not due to protein ingestion and, 
therefore, not due to intestinal work, but due to the mere fact 
of increased protein metabolism in starvation. The specific 
dynamic action of protein then may thus be tabulated: 


INCREASED HEAT PRODUCTION FOR EVERY 100 CALORIES 
INGESTED OR METABOLIZED 


Meat protein. sis isiecc/nernas buds tea apy oir yale ea 30.9 
Gelatin... 20.0...) 2 gees RE eect 28.0 
Body protein (phlorhizin diabetes).....................4- 31.9 


The dog of Williams, Riche, and Lusk showed an in- 
crease of 30 calories in heat production for every 100 
1 Rubner: “Energiegesetze,” p. 322. 2 Rubner: Jbid., p. 370. 
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calories contained in the protein of the 1200 grams of meat 
ingested. 

It has furthermore been shown by Falta, Grote, and Stae- 
helin! that casein and the amino-acids resulting from the 
hydrolysis of casein when given to a dog exert the same 
specific dynamic action as do the proteins of meat. 

That these results are not limited in their application is 
shown by Rubner’s? experiment on a man who was given 120 
per cent. of the starvation requirement of energy first in the 
form of sugar and then of meat. The metabolism was as 
follows: 


SSTarvatiout ae ae ciete lek, 2042 calories in 24 hours. 
ETAT TALON OME cree hlancia couraie aie enc he has 2087 
INT GaL ALONG eteters a valerie Pe teictegs lets 2560, | = iy oy 


As neither man nor dog ever lives on meat alone except under 
forced feeding, the results are not usually so pronounced as in 
the above case. 

Average mixed diets, according to Rubner, must contain 
between 11 and 14 per cent. more than the calories produced in 
fasting in order to constitute an ingestion minimum for the 
maintenance of a man in caloric equilibrium. 

One must now pass to the discussion of the cause of the 
specific dynamic action of protein. 

In 1881 Voit laid down the principle that the intensity 
of metabolism in the cells was modified by the quality and 
quantity of the food materials brought to them by the blood. 
He believed that the inherent power of the cells to metabolize 
was augmented by the presence of increased quantities of 
food-stuffs. Rubner developed another conception. He de- 
clared that the fundamental metabolism of a normal warm- 
blooded animal was always constant, and that the effect of 
food ingestion did not change this. The increased heat 
production which followed the taking of food was due to heat 
developed from a lot of intermediary reactions and oxidations, 


1 Falta, Grote, and Staehelin: ‘“Hofmeister’s Beitriige,” 1907, ix, 334. 
? Rubner: ‘“Energiegesetze,” p. 410. 
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and had nothing whatever to do with the fundamental level 
of the cellular requirement of energy which was entirely 
unchanged. Thus, when protein was metabolized it could 
supply energy for the maintenance of true cellular activity 
in so far as glucose was produced from it, whereas other 
intermediary cleavage products were simply oxidized with the 
production of extra heat, which was in no way involved in the 
life processes of the cells. The utilization of energy in protein 
might be compared with the burning of a tree as fuel for the 
steam engine, the trunk of the tree being used as fuel within 
the engine for the production of power, whereas the limbs and 
twigs are burned as brush outside and supply only heat. 
The theory may be schematically indicated as follows: 


STARVATION REQUIREMENT OF POTENTIAL ENERGY BY CELLS 
= 100 CALORIES 


140 Calories in Protein of Meat Ingested 


(= aa 
40 Calories = free heat liberated in 100 Calories = Potential energy 
early cleavage, available in replace- from protein available for cell 
ment of heat of chemical regulation. life. 


This conception was founded on the erroneous idea that 
sugar exerted little or no specific dynamic action (see p. 294). 

Experiments were instituted in the author’s laboratory! 
with the intention of more fully establishing the truth of 
Rubner’s theories of specific dynamic action.2. It was known 
that glycocoll and alanin were completely convertible into 
glucose in the diabetic organism, whereas glutamic acid was 
in part so converted, three of its five carbon atoms passing into 
glucose, the other two being oxidized. It follows from 
Rubner’s hypothesis that glycocoll and alanin should exert 
no specific dynamic action, whereas glutamic acid should 
manifest this phenomenon. The reverse proved to be true: 
glycocoll and alanin are capable of greatly increasing the 
heat production, whereas the strong dibasic glutamic acid is 
without influence. Glycocoll and alanin produce powerful 


1 Lusk: “Journal of Biological Chemistry,” 1912-13, xiii, 155. 
_? The argument here presented is to be found in Lusk: “Journal of Bio- 
logical Chemistry,” 1915, xx, p. Viii. 
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effects, lasting eight and 
five hours respectively, 
whereas on giving those 
quantities of glucose into 
which the amino-acids are 
convertible only an al- 
most negligible influence 
is observable. 

These facts are 
brought out in Fig. 17. 
It should be remembered 
that 25 grams of glycocoll 
and 20 grams of alanin 
are each convertible into 
20 grams of glucose. 
Leucin and tyrosin ex- 
erted only a slight effect 
upon the heat production. 
A mixture of 5.5 grams 
each of glycocoll, alanin, 
glutamic acid, and tyro- 
sin, containing 3.46 grams 
of nitrogen, produced 
about the same specific 
dynamic action as 100 
grams of meat which con- 
tain about 3 grams of 
nitrogen. 

The curve of nitrogen 
elimination shown in Fig. 
17 does not truly repre- 
sent the rapidity of the 
metabolism of the amino- 
acids. If instead of using 
the hourly extra nitrogen 
elimination after giving 

16 
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glycocoll or alanin one employs the “extra glucose” elimina- 
tion after giving these substances to a dog with phlorhizin 
glycosuria, it is discovered that the maximum breakdown 
of the amino-acid takes place during the second hour after 
their ingestion. The following chart (Fig. 18) shows such 
experiments as accomplished by Csonka:} 


PERO 
Buna oeos SRGSSRSSSER EERE R ROE 
ra eata iif af ad fa fe Cr 


20 el HAH Ce BRAS Basen 
Ree EDA NER NE MAS 


q_ | Hon 
I5 CORES PRBREDSOe 
BEES NOBSRECRE ied Sg afc 


I ee 3 4 5 6 7 8 


——GLUCOSE FROM 16° DPMINGESTED GLUCOSE 
~—-GLUCOSE FROM 200M.INGESTED GLYCOCOLL 
~-----GLUCOSE FROM 200M.INGESTED ALANINE 


Fig. 18. 


This chart shows that the rapidity of the absorption and 
elimination of glucose ingested in phlorhizin glycosuria is 
almost the same as the rapidity of the absorption, deamination, 
synthetic sugar production, and the elimination of such sugar 
after the administration of an iso-glucogenic quantity of 
glycocoll and a comparable quantity of alanin. 

1Csonka: ‘Journal of Biological Chemistry,” 1915, xx, 539- 
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It may be added that Janney! reports that after giving 
meat to a phlorhizinized dog the extra sugar appears in the 
urine quite as rapidly as after giving glycocoll or alanin. 
The rapidity of the-attack of digestive enzymes upon protein 
must, therefore, be much greater than has hitherto been sup- 
posed. 

Using the results obtained with glycocoll and alanin, Lusk? 
found that the hours of the greatest heat production after 
the administration of these substances were coincident with 
the hours of their greatest metabolism. Also, it was found 
that the increase in metabolism after giving glycocoll and 
alanin together is equal to the sum of the effects produced by 
either alone. Furthermore, the increase of metabolism after 
giving 20 grams of glycocoll is twice as great as after giving 10. 
grams. Similar relations obtain after different quantities of 
alanin. This accords with Rubner’s discovery that the in- 
tensity of the specific dynamic action is proportional to the 
quantity of protein ingested. When one compares the heat- 
increasing power of glycocoll and alanin upon metabolism, it 
is found that this power is not proportional to their respective 
abilities to form sugar, but rather to the number of molecules 
of glycollic and lactic acids which they are respectively sup- 
posed to yield on deamination. 

It was found in one experiment that the entire energy 
content of the ingested glycocoll reappeared in the extra 
output of energy given off by the dog in the form of heat. 
The course of inquiry into this phenomenon which naturally 
suggests itself is whether glycocoll is without action upon the 
body-cells; that is, whether it merely explodes and yields heat, 
or whether it directly stimulates the cells, thereby raising 
metabolism to a higher level. This point was determined by 
giving glycocoll to a phlorhizinized animal. Under these 
circumstances there is no oxidation of the material ingested 
and the energy content of the glycocoll is eliminated in the 


1Janney: “Journal of Biological Chemistry,” 1915, xxii, 191. 
2Lusk: Ibid., 1915, xx, 555- 
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urine in the form of sugar and urea. The metabolism was 
largely increased, notwithstanding the fact that there was no 
oxidation of the ingested material. Exactly the same phe- 
nomenon followed the ingestion of alanin in phlorhizin gly- 
cosuria. The ingestion of glucose was without effect even after 
70 grams had been given. The cause of the specific dynamic 
action of glycocoll and alanin therefore lies in a chemical 
stimulation of the cells, causing them to metabolize more 
material. This confirms the older view of Voit that the action 
of food increases the power of the cells to metabolize. 

An experiment! which shows the effect of giving 20 grams 
of glycocoll to a phlorhizinized dog is here reproduced: 


DOG ITI, MARCH 25, 1915, EXPERIMENT 104. BASAL PHLORHIZIN 
METABOLISM AS AFFECTED BY 20 GRAMS OF GLYCOCOLL IN 
210 C.C. OF WATER AT 38° PLUS 1 GRAM OF LIEBIG’S EXTRACT 


CALORIES. 
Hoors. RO: 

Indirect. Direct. 
I Basal gene acceptors 0.733 23.78 24.53 
2 SRT ACS On OF 0.716 23.82 23.84 
AVelage. cnn. 0.724 23.80 24.18 

2 Glycocoll, 20 grams 
4 0.707 34.21 32.34 
5 0.745 31.05 20.47 
6 0.700 20.24 30.07 
7 0.702 25.90 26.85 
AVETASEs at cee 0.720 30.27 29.68 


Although glycocoll was not oxidized, but appeared as 
glucose and urea in the urine, yet there was a considerable 
increase in the heat production after its ingestion in phlorhizin 
glycosuria. It is, therefore, evident that the cause of the 
specific dynamic action of glycocoll is independent of the 
oxidation of glycocoll or the liberation of its energy content. 
These results, which were first presented at the International 


1Lusk: Loc. cit., p. 612. 
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Physiological Congress held in Groningen in 1913,! have been 
fully confirmed by Grafe,? who reports that after giving 50 
grams of glycocoll to a normal dog the oxygen absorption 
rose 77 per cent., while in man the increase was 14 per cent. 

The chemical stimulus to the cells does not reside in the 
amino-acids themselves, for there is no accumulation of 
amino-acids in the tissues after the ingestion of meat in large 
quantities. (See Van Slyke, Wishart, p. 80.) Also when 
protein is deposited in the form of new tissues these amino- 
acids exert no specific dynamic influence. Rubner’ gives the 
following example of the stage of the deposit of protein with- 
out a rise in the metabolism of a dog: 


N To Bopy. CALORIES PER Ko. 
DEAL VATION tae eek iresolotenio tre Snes 43.26 
ICES Me mhoraaton o Con ar oS +8.7 44.48 


The researches of Hoobler* have shown the same to be true 
of the baby, as appears from the following data: 


PROTEIN PROTEIN PROTEIN CALORIES OF 
INGESTED. DEstrovED. |ADDED TO Bopy.| METABOLISM. 
: F : Grams Grams Grams. 
High protein diet... eacr 18.0 15.1 363 
High protein diet... 43-3 18.9 24.4 363 


Such facts demonstrate that the mere absorption of amino- 
acids and their rebuilding into new protoplasm does not 
increase the metabolism. E 

Since the hours of the highest heat production after giving 
glycocoll and alanin are the hours of the maximal metabolism 
of these amino-acids, it is obvious that the metabolism prod- 
ucts, such as glycollic or lactic acids (see pp. 190-194), are 
indicated as the probable chemical stimuli which act upon the 


ALusk: “Archives of Internal Medicine,” 1913, xii, 485. 

2 Grafe: ‘Deutsches Archiv fiir klin. Med.,” 1915, cxviii, 1. 
3Rubner: ‘Gesetze des Energieverbrauchs,”’ 1902, p. 256. 

4 Hoobler: “American Journal of Diseases of Children,” 1915, x, 153. 
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protoplasm of the cells, causing them to oxidize materials in 
increased measure. 

One recalls in this connection the permanently increased 
metabolism in phosphorus-poisoning, in severe anemias, and in 
persons living at high altitudes, under all of which conditions 
lactic acid is found in increased amounts in the blood and often 
in the urine. (See Chapter XV.) 

That the chemical stimulus acts on protoplasm directly and 
not through excitation of the nervous system is to be inferred 
from the experiments of Tangl,! who noticed an increase in the 
heat production of curarized dogs after giving them protein. 

External cold acts reflexly through the nervous system 
to increase metabolism in a fasting animal and thus prevents 
a fall in body temperature through the “‘chemical regulation” 
of body temperature. According to Rubner’s hypothesis, the 
“free heat’ liberated in the intermediary metabolism of 
protein can be used in lieu of that derived from the increased 
metabolism induced through the effect of cold. , In the light 
of the newer researches, however, the extra heat necessary 
to preserve the body from a fall in temperature may be 
derived from an increased metabolism of the cell itself, 
whether this be induced by nerve action or by direct chemical 
stimulation. 

It may be that the mass action of the various fragments 
produced in the breakdown of protein in metabolism is also a 
contributory factor in the higher production of heat, but that 
it is the main factor is negatived by contrasting the different 
effect of 20 grams of glutamic acid with that of 20 grams of 
glycocoll, the effect of the first being mz] and that of the latter 
powerful. 

The influence of meat ingestion in man is given in the 
following table: 


1Tangl: “Biochemische Zeitschrift,” 1911, xxxiv, I. 
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TABLE SHOWING THE PERCENTAGE INCREASE IN METABOLISM 
EACH HOUR AFTER THE INGESTION OF MEAT BY MAN 


INCREASE IN METABOLISM IN PER CENT. 
Nin 
AUTHOR. ores 
Ee sess Anes a Owk n We S ob LO) ax 
Grams. 
Magnus-Levy!......:........| 12 8 | 6 | 22] 32] 24] 34| 26 
Gephart and Du Bois?;.-.... | 10.5. | <2) 22] S)26| 12) 15) 7 
Gephart and Du Bois?........ 23.9")... ) ../ 5,1 2516) 28) 271 18 |:26 


* Chopped meat 725 grams + 100 grams fat. 


In the last-named experiment protein furnished between 
25 and 4o per cent. of the total calories of metabolism in- 
stead of the average normal of 15 per cent. When Grafe’ 
administered 80 grams of alanin or 50 grams of glycocoll 
to a man the specific dynamic action caused an increase in 
the oxygen absorption of 7 and 14 per cent. respectively. 
The specific dynamic action of protein is not usually as great 
in man as in the dog. Du Bois‘, however, has seen a rise of 55 
per cent. in the metabolism of an achondroplastic dwarf after 
giving him 750 grams of meat. 


1 Magnus-Levy: “Pfliiger’s Archiv,” 1894, lv, 87. 

2 Gephart and Du Bois: “Archives of Internal Medicine,” 1915, xv, 835. 
3Grafe: Loc. cit. 

4 Unpublished. 


CHAPTER VIII 


THE INFLUENCE OF THE INGESTION OF FAT 


IN a previous chapter it was shown that the amount of fat 
in the fasting organism materially affected the amount of 
protein burned. Where there was much fat present little 
protein was consumed; where there was little fat, much pro- 
tein burned; and where there was no fat, protein alone yielded 
the energy necessary for life. 

The ingestion of fat alone will not prevent the death of the 
organism because there is a continual loss of tissue protein from 
the body, which finally weakens some vital organ to such an 
extent that death takes place. 

In a fasting animal which still contained fat, Voit! found 
that the ingestion of 100, 200, and 300 grams of fat scarcely 
influenced the protein metabolism. The latter was slightly 
increased, if anything. Voit’s table is as follows: 


Fat UREA. Far. UREA, 
Ou /stewausitrscetaleteersiote eine II.9 SS OOc caer aiavaraxens aa ae 20 
Orie ees cnt 6 12.0 ro MERWE Oy Micon. See tM cra: I1.9 

TOO. bn cocig rere 12.0 Ob sats aie aan heh aS EN Sy 11.3 

2005s ciecnezapracta cuaetemaietere 12.4 


These results have been confirmed by Bartmann,? who 
noted that fat given to the extent of 150 per cent. of the energy 
requirement was readily absorbed and spared protein to a 
maximum of 7 per cent. Sometimes when much fat was given 
there was an increased elimination of nitrogen in the urine, at 
which time there was also an increased amount of nitrogen in 
the stools. 


1 Voit: “Physiologie des Stoffwechsels und der Ernahrung,” 1881, p. 128. 
? Bartmann: “Zeitschrift fiir Biologie,” 1912, lviii, 375. 
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To another dog, which in starvation burned 96 grams of 
fat, Voit gave 100 grams, with the result that it then burned 97 
grams. The conditions of the metabolism in these cases were 
therefore identical. The fat ingested simply burned instead of 
the body’s fat, but the total amount of protein and fat burned 
remained the same. 

One reason why the ingestion of fat up to the requirement 
does not alter the metabolism may be found in the observation 
of Schulz! that in starvation there is an increase in the quantity 
of fat in the blood, and of Rosenfeld? that the amount of fat in 
the liver increases. He finds that a fasting liver contains 10 
per cent. of fat. If carbohydrates or protein (which yields car- 
bohydrate in metabolism) be ingested, the fat content falls to 
6.2 per cent. If fat be given to a fasting dog, the liver may 
contain 25 per cent. of fat; but if carbohydrates are ingested at 
the same time, the liver does not retain the fat, which must be 
deposited elsewhere. Thus, in the liver there is an antagonism 
between glycogen deposit, which follows carbohydrate inges- 
tion, and fat deposition. 

Pfliiger? gave a dog fat alone in large quantities for thirty 
days and found that the fresh substance of the liver at the end 
of the period contained 45 per cent. of fat and no glycogen. 

Miescher found fat globules in the muscle-cells of salmon 
after their five to fifteen months’ fast in fresh water, during 
which time they had laid their eggs. It is undoubted that the 
deposits of fat in the adipose tissue of these fishes are drawn on 
in starvation, and that the blood then.carries to the hungry cells 
all the fat they require for their continued function. Greene? 
states that large quantities of fat are present in the fibers of the 
great lateral muscle of the Columbia River salmon at the 
beginning of its travels up the river, and this fat remains 
there in strikingly uniform quantity during the whole of the 
migration journey. It seems that the fat supply to the cells 

1Schulz: “Pfliiger’s Archiv,” 1896, lxv, 209. 
2 Rosenfeld: ‘Ergebnisse der Physiologie,” 1903, ii, I, 86. 


3 Pfliiger: “Pfliiger’s Archiv,”’ 1907, cxix, 123. 
4Greene: “Journal of Biological Chemistry,” 1912, xi, p. xviii. 
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is regulated by the quantity of other foods available, and that 
even in starvation there is at first ample fat to meet the 
requirement of the organism (see p. 100). These are impor- 
tant principles which will be further discussed when the 
subject of fatty infiltration is considered. (See chapter on 
Diabetes.) 

The method of the oxidation of fat has already been 
described (see p. 182), and one would expect to find B-oxy- 
butyric acid as an end-product of this metabolism. In fact, 
the blood of normal human subjects, as well as the blood of 
dogs, pigs, and cattle, contains usually a little less than 1.5 
mg. of B-oxybutyric acid in 100 c.c.!_ Sassa? reports between 
1 and 2 mg. to be widely distributed in the blood and organs of 
man and various mammals. In normal conditions this end- 
product is, therefore, present in only minimal amounts. 

When fat is oxidized in excess, as in fasting, B-oxybutyric 
acid appears in the urine (see p. 182). So also when fat forms 
the main portion of the diet the same phenomenon occurs. 
Forssner® gave a man a diet which contained 3380 calories, of 
which only 160 were in carbohydrate. The last meal was 
taken at 4.00 Pp. M., and then olive oil was given at 9.00 P. M. 
The urines Beurens II.00 P. M. and 10.00 A. M. contained the 
following amounts of acetone bodies: 


Tora ACETONE Bopies, f-OxyButyric AcD, 
Grams. GRAMS. 


Novclive oil, 2 een yet 3.69 
40 grams olive oil............ 9.16 7.22 
60 grams olive oil............ 9.96 8.08 
80 grams olive oil............ 11.80 9.52 


These results indicate the formation of 6-oxybutyric acid 
in large amounts. 

The work of Bloor has shown that after giving fat to a 
dog there is a gradual rise in the fat content of the blood, the 


1 Marriott: “Journal of Biological Chemistry,” 1914; xviii, 507. 
2Sassa: ‘‘Biochemische Zeitschrift,” 1914, lix, 362. 

3 Forssner: “Skan. Archiv fiir Physiologie,” 1910, xxiii, 305. 

* Bloor: “Journal of Biological Chemistry,” 1914, xix, 1. 
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maximum being attained in the sixth hour, after which there is 
a fall. The following shows an example: 


BLoop-FaT 

PER CENT. 
RAO UTS ALLEL OO as Marat aces antl Mome ae ci creleie mun olald 0.6 
BEAHOUESALLCE TOO C.COLLVE!OlL. of cjficis bie +515, ovr sido. 0.73 
GHOULS AL LCE LOO CLC OLIVE OMS ve ciency bee arale es Hynes ves oe 1.20 
SMNGUrS Aller TOO CiCs OLIVE Olle... oe ss cessor este sinares 0.87 


Furthermore, when fat was injected intravenously in 
such quantity that the fat content of the blood was doubled, 
the excess disappeared within five minutes after the cessation 
of the injection. 

Work of fundamental character by Magnus-Levy' showed 
the influence of the ingestion of very fat bacon upon the metab- 
olism of the dog. Respiration experiments lasting about 
thirty minutes each, using the Zuntz method, were made upon 
a dog breathing through a tracheal cannula. These showed 
that after giving 140 grams of fat bacon the metabolism in- 
. creased from the end of the third hour through the eighth 
to a height which was about 1o per cent. above the orig- 
inal basal level as measured twenty-four hours after the last 
ingestion of food. After 320 grams of fat bacon had been 
taken the metabolism showed a maximal increase of 19 per 
cent. from the end of the third hour through the sixth. 
The increased metabolism extended from the fourth to 
the thirteenth hours after food ingestion, and then subsided 
to the original basal level. The total increase in heat pro- 
duction could be estimated as 2.5 per cent. of the energy 
content of the fat ingested. The environmental temperature 
of the dog varied between 16° and 10°, and all extraneous 
movements were avoided. . 

In man, after the administration of 210 grams of butter, 
Magnus-Levy noted a maximal increase of 9 to 14 per cent. 
above the basal metabolism during the seventh hour. During 
the eighth hour the increase was only 6 to 8 per cent. above 
the basal metabolism. 


1 Magnus-Levy, A.: “Arch. f. d. ges. Physiol.,” 1894, lv, 1. 
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The influence of external temperature on the heat pro- 
duction after ingesting fat above the requirement is similar to 
that after meat ingestion, only not so pronounced. Rubner! 
gives the following table, showing the effect of the ingestion of 
171.3 calories in fat per kilogram of dog: 


SPECIFIC DYNAMIC ACTION OF FAT 


171.3 calories in fat per kg. dog were ingested. 
CALORIES PER KILo. 


TEMPERATURE. STARVATION. AFTER Fat INGESTION. INCREASE. 
PW BISCAY i heise ESoon 155-5 -- 2.2 per cent. 
15.5° Seca eenntaen, out 83.1 93-4 +12.4 os 


ZL. Oistassail miners 64.5 79.9 + 23.9 


At 2.7° the excess ingested above the requirement amounted 
to 12.6 per cent., and the increase in heat production was 2.2 
per cent. At 31° the excess of food calories above the re- 
quirement was 165 per cent., and the increase in heat produc- 
tion was 23.9 per cent. In this instance 100 per cent. of the 
requirement may be calculated to raise the metabolism 14.4 
per cent. at a temperature of 31°. This represents the specific 
dynamic effect of fat on the metabolism. 

Murlin and Lusk? were not able to find so great a specific 
dynamic action in the dog as Rubner found. They gave to a 
dog an emulsion containing 75 grams of fat with 692 calories 
of energy, or 145 per cent. of the basal energy requirement of 
the animal. The total increase of heat production was 28.8 
calories or 4.1 per cent. of the energy in the fat. The experi- 
ments were carried out at an environmental temperature of 
26° to 27° in a respiration calorimeter, and the results are 
plotted in the form of a chart, as shown on p. 253. (For the 
effect of glucose and fat see also p. 300.) 

The experiment shows that after the ingestion of fat the 
heat production gradually rises till the sixth hour to a maxi- 
mum 30 per cent. above the basal metabolism, and then falls 
slowly to the basal level, which is reached ten hours after the 


1Rubner: ‘“Energiegesetze,”’ 1902, p. 119. 
2 Murlin and Lusk: “Journal of Biological Chemistry,” rors, xxii, 15. 
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fat has been taken (Fig. 19). This curve of increasing me- 
tabolism accords with the curve of increasing fat content in 


pete | Sele a ole betel delete! 
eee ever ee bale ees 
at istat Ha ee ae | 
UIs! | AIFITIEIRI | IIE! 
PT Het aaeee 


La eat ie 
HEE EEE 
impos sesenndinee 


Fig. 19.—The effect of fat and of glucose plus fat upon the heat production. 


the blood as shown by Bloor, and indicates that the heat 
production may be increased by increasing the number of 
metabolites available for cell nutrition. 
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It appears from the respiratory quotients that the increase 
in heat production is entirely at the expense of ingested 
fat. The respiratory quotients as determined for the basal 
metabolism averaged 0.84, and after fat ingestion 0.79. 
Calculation showed that the amounts of protein and glycogen 
oxidized during the two series of experiments were identical, 
so that the extra heat production after giving fat was derived 
from fat itself. 

It has already been demonstrated that less protein is 
burned in starvation when the body is fat than when it is lean. 
It would, therefore, seem that if protein and fat were ingested 
together, a similar reduction in the amount of the protein 
requirement would be effected (Voit). 

It has been shown in a previous chapter that nitrogenous 
equilibrium can be maintained in a dog only after the ingestion 
of three and a half times the quantity of protein destroyed in 
starvation (see p. 154). 

E. Voit and Korkunoff,! continuing these experiments, find 
that if fat and meat be ingested together, the quantity of the 
latter necessary to establish nitrogenous equilibrium is reduced 
to between 1.6 to 2.1 times the starvation minimum. Much 
less protein food is, therefore, required to maintain the body’s 
protein when it is ingested with fat than when it is given alone. 

Thus Thomas? could not maintain nitrogen equilibrium 
when twice the amount of the fasting nitrogen elimination was 
given to a man in the form of meat alone, but was able to 
accomplish this when meat to the extent of that destroyed in 
fasting was administered with fat. In consequence of this, 
protein is more readily added to the body when fat is ingested 
with it, as is seen in the following experiment of Rubner? on a 
man: 


1 Voit and Korkunoff: “Zeitschrift fiir Biologie,” 1895, xxxii, 117. 
? Thomas: “Archiv fiir Physiologie,” 1910, Supplement, p. 240. 
’ Rubner: von Leyden’s ‘(Handbuch der Ernéhrungstherapie,” 1903, i, 43. 
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INFLUENCE OF FAT INGESTION ON NITROGEN RETENTION 


Foop. 
N. Far. CARBOHYDRATES. 
23.6 99. 260 
23-5 1Q5. 226 
23.0 214. 227 
23-4 359. 234 


N METABOLISM. 


N rn Excreta. N To Bopy. 
26.36 —3.64 
21.55 +1.85 
18.5 4.03 
17.6 a ey 


With increasing quantities of fat there is an increasing 
addition of protein to the body. 

It has already been shown that protein ingested alone in 
large quantity establishes nitrogen equilibrium at a higher 
level, constantly raising the amount of heat produced until 
nitrogenous equilibrium is reached (the secondary dynamic 
rise, p. 233). 

The same destruction of the easily oxidized protein takes 
place when it is given with fat, as was shown by Voit! in the 
following experiment on a dog: 


THE “SECONDARY RISE” IN PROTEIN METABOLISM ON A MEAT- 


Foon. 


MEart. 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 


FAT DIET 


(Weights in Grams.) 


Far. UREA. FLESH TO Bony. 
oe 127.9 26 
°. 127.6. 26 

250 II7.9 162 

250 113.5 ryt 

250 120.7 

250 Hy 164 

250 IIQ.7 

250 ere $3 

250 130.0 


A prolonged deposition of protein in the normal adult, 
when fat is given with it, is demonstrably difficult. 

The question arises, Does the ingestion of large quantities 
of fat also cause an increase in the metabolism until fat com- 
bustion is balanced by its ingestion? 


1 Voit: Hermann’s Handbuch, ‘Physiologie des Stoffwechsels,” 1881, p. 131. 
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Rubner! has shown that this is not the case. He cites the 
record of the following long respiration experiment on a dog 
which was given 80 grams of meat and 30 grams of fat daily: 


ABSENCE OF THE “SECONDARY DYNAMIC RISE” IN FAT METAB- 
OLISM ON A MEAT-FAT DIET 


(Fat being given in excess of the requirement.) 
CALoRIES OF METABOLISM. 


PROTEIN. Fat. TorTaL. 
97-2 173.0 270.0 
83.0 178.0 261.1 
89.3 73.5 262.7 
85.6 163.2 248.9 
87.8 169.0 256.8 
83.0 159.6 242.6 
74.4 a pay * 246.2 
78.0 178.4 256.3 
80.0 179.6 259.7 


The diet was 58.7 per cent. above the starvation require- 
ment. It contained 354 calories, of which 21.5 per cent. were 
in protein. The mean heat production during the period of 
ingestion of food was 256.0 calories, and in the following 
starvation days 223.2 calories, showing an increase in metab- 
olism of 11.2 per cent. caused by an excess in food of 58.7 per 
cent. During the later days the animal was in nitrogenous 
equilibrium. Notwithstanding an excess of fat in the diet, 
and a continued deposit of fat in the body, there was no in- 
crease in the metabolism during the time of experimentation. 
The secondary dynamic action noted by Rubner as regards 
protein does not, therefore, take place as regards fat. The 
storage of fat in the body is consequently a matter of com- 
parative ease. 

Rubner? has compared the metabolism of a boy who was 
obese with that of his brother, who was a year older, but thin. 
They were the children of parents of small means and would 
not naturally be overfed. The interesting point of the experi- 
ment was whether obesity was due to a reduced metabolism 
with the consequent deposition of fat. Each boy was given 
a maintenance diet, or one which balanced his metabolism, 


1 Rubner: “Energiegesetze,”’ 1902, p. 251. 
2Rubner: ‘“Beitrige zur Ernahrung im Knabenalter,” 1902. 
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without adding to or subtracting from his body substance: 
The general results are as follows: 


Fat Boy. Tun Boy. 
Pre NV GAN Ss 0 cick ih 1 le a tin tials ak 10 II 
Weight in kilograms. . Perdos, AL 26 
Total calories of metabolism....... 1786.1 1352.1 
Calories per kilogram. . Saeeeon Me eR 52.0 
Calories per sq. m. surface........ [321. 1290. 


The comparison shows that the fat brother had a larger total 
metabolism than the thin one, but the fat boy also had the 
larger surface. Per square meter of surface the metabolism 
was the same (see p. 129). The gradual increase in the area 
of the body caused by filling out the fat cells may therefore 
increase combustion, but this is not due to the specific action 
of the fat on metabolism as in the case of the secondary 
dynamic rise after protein ingestion, but rather to the in- 
crease in the size of the body. Carbohydrates, which in 
excess are converted into fat, must behave in the same way. 

It will be noticed that in the experiment where 80 grams of 
meat and 30 grams of fat were daily ingested, although the pro- 
tein metabolism gradually fell, the fat metabolism gradually 
rose, and in isodynamic relation to the fall in protein. Allow- 
ing for the difference in specific dynamic action, protein and 
fat replace each other in metabolism in isodynamic quantities. 

17 


CHAPTER IX 


THE INFLUENCE OF THE INGESTION OF CARBO- 
HYDRATE 


PART I—THE INTERMEDIARY METABOLISM 


THE preceding chapters have dealt entirely with the sub- 
ject of the metabolism of protein and fat. The metabolism 
of carbohydrate has been touched upon incidentally in des- 
cribing the intermediary metabolism of protein, but the fuller 
details remain to be considered. Generally speaking, two- 
thirds of the energy produced by the human organism is 
derived from the oxidation of carbohydrate. Not without 
warrant is bread considered the staff of life. 

Glycogen.—The gastro-intestinal tract converts starches 
into glucose, inverts sucrose into glucose and fructose, and 
lactose into glucose and galactose, so that these soluble mono- 
saccharids become the fuels transported by the blood for the 
nourishment of the body-cells. The enzymes maltase, invertin, 
and lactase which, respectively, convert maltose, suchrose, 
and lactose into monosaccharids, are present in the intestinal 
mucosa of the newborn infant.! 

The writer personally prepared fructose from inulin in 
1889, which when given to a fasting rabbit caused the for- 
mation in its liver of large quantities of glycogen, the anhy- 
drid of glucose.2 Toa lesser extent the same fate may be- 
fall ingested galactose. After giving glucose or fructose, as 
much as 4o per cent. of the dry solids of the liver consisted 
of glycogen. These monosaccharids were not changed in 
the intestine. 

1Tbrahim: “Zeitschrift fiir physiologische Chemie,” 1910, Ixvi, 19. 
2 Voit: “Zeitschrift fiir Biologie,” 1891, xxviii, 245. 
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Isaac! perfused a fluid made up of washed dog’s blood-cells 
and Ringer’s solution containing fructose through the liver 
of a fasting dog and found that the fructose was converted 
into glucose. The change in the composition of the per- 
fusing fluid was as seen below: 

BEFORE PERFUSION. THREE Hours LATER. 


G-GIUCOSE.y25 00. s+ 0.012 per cent. 0.310 per cent. 
G-PTUCLOSE. a, ..oe.015 5,51», 34g) 0.020 are 


Ishimori? has reported that glycogen deposition in the 
liver follows the intravenous injection of glucose and fructose 
in the rabbit, although galactose does not have this effect. 
Galactose is less readily oxidized, at least in the adult organ- 
ism, than are the other two hexoses (see p. 294), though it 
may be that the conditions for its breakdown are more favor- 
able in the suckling. . 

The quantity of glycogen present in a living animal can- 
not be accurately estimated. Schéndorff* gave seven dogs 
diets rich in carbohydrate for several days, and found that the 
quantity of glycogen present in their bodies varied between 
7-59 and 37.87 grams per kilogram. 

The distribution of this glycogen in 100 grams of the fresh 
tissue varied as follows: 


Maxi. Mintuum 
LO eet Coa o> op IERIE OOOO SE Cae reeee 18.69 7.3 
Mi iisclevem naercints cit aos Pree ee eae ares 3.72 0.72 
1S UDG ex A). Sigh OS Agee CRC Oc) CIC Renee 1.32 0.104 
PIGUET NS ai ii tr04 <2, ais ae. ste asso « I.90 0.197 
PTHCESCINGS AE se heits tech eevee Aicdeios cpe'ete se 1.84 0.026 
VGH: 5 ye 5 ab i orcitie eT eee ONS See aetna 1.68 0.09 
ESCA LU eRe ark te Arte aero aid a edna as 0.29 0.047 
TAO ey One Re ceo eae ae en 0.0066 0.0016 


The traditional distribution of glycogen, one-half to the liver 
and one-half to the rest of the body, Schéndorff shows to be 
incorrect. For 100 grams of liver glycogen there occurred in 
the rest of the body the following amounts: 

1Jsaac: “Zeitschrift fiir physiologische Chemie,” 1914, Ixxxix, 78. 


2Ishimori: “Biochemische Zeitschrift,” 1912-13, xlvili, 332. 
3 Schéndorff: “‘Pfliiger’s Archiv,” 1903, Xcix, I9gI. 
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Dog “Tide cade berth. see eae er ee 3098 grams. 
pata | Berets «rosea b ea cca Sai os et 4 270mm 
crea 8H eee ene tytn Smee iir hod No ool ania ci 0.0 87) 
660 DV ita net, SOR aaa Ae ee Bee eee 74a) oe 
as "Vince alls atenates euch ot ice oiehe/ tie cabs oe aan into 
eee ferry er KER nah Sk tin ate ataro da. i 
ei |p O emreren ren ee crit aein SS Foc oS oa hake Tos). 


It is an interesting observation of Kiilz' and of Jensen? 
that an active organ like the heart maintains its normal 
glycogen content even after fifteen days of starvation. 

In the various discussions on the subject of glycogen it has 
been shown that in starvation, and after protein and sugar in- 
gestion, there is glycogen present in.the body—a constant 
supply always ready for emergencies, which can be reduced 
through exercise, but which is only to be completely removed 
by tetanic convulsions (pp. 107 and 457). 

The writer has here avoided the discussion of a production 
of sugar from fat. To his mind the evidence is against such 
production, as will be demonstrated in the chapter on Diabetes. 


THE INTERMEDIARY METABOLISM OF CARBOHYDRATE 


The chemical transformations of sugar molecules present 
a fascinating field for the explorer. It is only possible to 
indicate here some of the scientific facts which are leading to a 
correct understanding of the subject. There is some un- 
avoidable repetition of the facts presented in the chapter on 
The Intermediary Metabolism of Protein. 

Lobrey de Bruyn and van Eckenstein’ found that when 
glucose solutions contained mere traces of hydroxyl ions, 
d-mannose, d-fructose, and d-pseudo-fructose appeared, and 
this phenomenon, called mutarotation, continued until the 
solution no longer rotated polarized light. Other hexoses 
have since been discovered in the mixture. According to 
Nef* any ordinary hexose can yield 116 different substances. 
Of these, he was able to identify 93, of which 47 were sugars 


1 Kiilz: “Festschrift zu Ludwig,” 1891, p. 109. 

? Jensen: “Zeitschrift fiir physiologische Chemie,” 1902, xxxv, 525. 

3 Lobrey de Bruyn and van Eckenstein: ‘‘Receuil des travaux chimiques 
des Pay-Bas,”’ 1895, xiv, 158, 203; 1890, xix, I. 

4 Nef: ‘“Annalen der Chemie und Pharmacie,” 1907, ccclvii, 214. 
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and the rest fragments of sugar cleavage. Henderson! finds 
a slow but unmistakable loss of optical activity in a glucose 
solution maintained at the body temperature and at the al- 
kalinity of the blood, though the PEAS of sugar present is 
not affected. 

Nef? suggests that the reaction d-fructose —>. glucose 
must take place through the intermediary formation of an 
enol. This may be written as follows: 


CH,0H CHOH HCO HOCH 
| | ls 

DS 
CO COH HCOH HCOH By 


HOCH —> HOCH —— OHCH — OHCH 


HCOH «— HCOH «+— HCOH +— HC—— 


HCOH HCOH HCOH HCOH 
CH.OH CH,.OH CH.OH CH,OH 
d-Fructose. Enol form. d-Glucose. d-Glucose.3 


Glucose behaves like a very weak acid. In the presence 
of alkali, mutarotation with the production of various isomeric 
forms is possible. The presence of traces of acid prevents 
these transformations as well as any oxidative changes. To 
the invulnerability of the glucose molecule under these 
circumstances has been ascribed its non-destruction in 
diabetes (see p. 485). An increase in the hydrogen ion con- 
centration of a perfusing fluid greatly reduces the utilization 
of glucose by an excised beating heart.‘ 

The analogy between the phenomenon of Lobrey de Bruyn 
and the reactions which take place in the body is incomplete in 
that the latter always occur in one direction. Glucose, for 
example,.is not converted into fructose within the organism. 


1 Henderson, L. J.: “Journal of Biological Chemistry,” 1911, x, 3. 

2 Nef: ‘“Annalen d. Chemie und Pharmacie,” 1907, ccclvii, 294. 

3 Tollen’s formula, ee by Emil Fischer: ‘Berichte der d. chem. 
Gessellschaft,” 1912, xly, 461 

4Rona and Wilenko:’ “Biochemische Zeitschrift,” 1913-14, lix, 173. 
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Nef believes that the many chemical reactions of sugar 
may be best explained on the assumption that the sugar is in 
part dissociated, giving residues which may be synthesized 
into glucose again. Such substances might be glyceric 
aldehyd or methyl&lyoxal (see p. 193). Fragments of this 
sort might be open to ready oxidation in the body, or be for 
use as the food of yeast cells in alcoholic fermentation. When 
glucose or its hypothetic cleavage products, glyceric aldehyd 
or methylglyoxal, are treated with alkali in the presence of 
oxygen they are oxidized to carbon dioxid and water. If no 
oxygen is present, lactic acid appears in the solution. But if 
lactic acid be added to an oxygenated alkaline solution of 
glucose, lactic acid is not destroyed. Hence, in the oxidative 
destruction of glucose, lactic acid in not an intermediary 
product.! 

The relations between the érioses or sugars containing 
three carbon atoms and substances into which they are 
convertible are shown below. All of these substances when 
given to a phlorhizinized dog are completely converted into 
glucose: 


HCHOH ae one : HCHOH 
Fuse as Manes me 
HCHOH HCHOH HCHOH HCHOH 
Glycerol d-Glyceric 1-Glyceric Dioxyacetone 
(alcohol). aldehyd aldehyd (ketose). 
(aldose). (aldose). 
HOCO ae i HOCO 
; 
HCOH a ss tae HOCH 
HCHOH CH; CH; CH; 
d-Glyceric acid. Methylglyoxal. d-Lactic acid. 1-Lactic acid. 


Mandel and Lusk? gave lactic acid to a phlorhizinized 
dog and found it was eliminated as extra glucose in the urine 
(see p. 191). They furthermore found that the d-lactic acid 


' This description is taken from Woodyatt: ‘‘Well’s Chemical Pathology,” 
2d ed., 1914, p. 578. 

2 Mandel, A. R., and Lusk: “American Journal of Physiology,” 1906, xvi, 
120. 
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which is eliminated in the urine of dogs poisoned with phos- 
phorus disappears from such urine after the administration of 
phlorhizin. They, therefore, concluded that lactic acid arose 
from the metabolism of glucose, and that when glucose, its 
antecedent substance, was removed by phlorhizin, lactic acid 
vanished from the urine. They proposed the following formula 
of carbohydrate metabolism: 


lactic acid glucose glycogen 


Embden! had previously shown that d-lactic acid arises 
through the artificial perfusion of a liver which is rich in 
glycogen. 

Von Fiirth? has confirmed this work by demonstrating that 
the quantity of lactic acid eliminated in phosphorus-poisoning 
is increased after administering glucose. He further showed 
that the lactic acid elimination which occurs after cooling 
rabbits is increased if carbohydrate be ingested, and is pre- 
- vented if the animal be freed from carbohydrate by means of 
adrenalin. He, therefore, concludes that lactic acid un- 
questionably arises from glucose. 

Of similar import are the experiments of Sass,? who showed 
that when strychnin convulsions were induced in dogs 
rendered diabetic by pancreas extirpation, though the con- 
vulsions were more powerful than in normal animals, there 
was no lactic acid formation. 

d-Lactic acid is always found in the normal blood and 
muscle. Von Fiirth‘ states that there are between 350 and 550 
milligrams of lactic acid in 100 grams of fresh normal muscle of 
man, horse, dog, and ox. 

When a muscle dies either through heat or natural rigor 
mortis, lactic acid is produced from carbohydrate within the 
muscle. Carbon dioxid is driven out at the same time, on 

1Embden: “Centralblatt fiir Physiologie,” 1904, xviii, 832. 

* von Fiirth: “Biochemische Zeitschrift,” 1914, lxiv, 131; [bid., 156. 

3 Sass: “Zeitschrift fiir experimentelle Pathologie und Therapie,” 1914, xv, 


370. 
4von Fiirth: ‘Biochemische Zeitschrift,” 1915, lxix, 199. 
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account of the acid production.!. Parnas and Wagner? noticed 
that mechanical damage to frog’s muscle caused the formation 
of lactic acid without a decrease in the carbohydrate content. 
This appears to confirm the lactacidogen theory of Embden', 
who found that a press juice derived from muscle formed lactic 
acid apparently from some unknown compound, though it 
left untouched added glucose, glycogen, or d-l-alanin. This 
substance is very likely methylglyoxal.4 Perhaps much of 
the lactic acid found in tissue is formed postmortem from 
methylglyoxal. 

Levene has accomplished a large amount of work upon the 
intermediary metabolism of carbohydrate. He® reported that 
leukocytes suspended in a Henderson phosphate mixture 
containing glucose induced glycolysis with the formation of 
d-lactic acid only, and without evidence of oxidation. This 
work has been confirmed by others,® who have shown that 
glycolysis in the shed blood is nothing more than the conver- 
sion of glucose into lactic acid. Oppenheimer’ reports a rapid 
formation of d-lactic acid when d-fructose is added to a per- 
fusing fluid and passed through a surviving liver. 

Levene and Meyer found further that leukocytes formed 
lactic acid from d-glucose, d-mannose, and d-galactose, and 
that kidney tissue caused a formation of lactic acid from 
d-glucose, d-fructose, and d-mannose. 

The reactions which lead to the production of d-lactic 
acid from the various hexoses necessitate the presence of an 
intermediate substance, otherwise d-l-lactic acid would fre- 
quently -be the end-product. 

1 Fletcher and Brown: “Journal of Physiology,” 10914, xlviii, 177. 

2 Parnas and Wagner: ‘“‘Biochemische Zeitschrift,” 1914, lxi, 387. 

3 Embden, Kalberlah, and Engel: Jbid., 1912, xlv, 45; Embden, Griesbach, 
and Schmitz: ‘Zeitschrift fiir physiologische Chemie,” 1914-15, xciii, 1. 

*Neuberg: ‘“Biochemische Zeitschrift,” 1913, xlix, 505. 

5 Levene and Meyer: “Journal of Biological Chemistry,” 1912, xi, 361; 
IQ12, xii, 265. 

6 Kraske: ‘Biochemische Zeitschrift,” 1912, xlv, 81; Kondo: Jbid., p. 88; 
von Noorden, Jr.: Jbid., 94. 

7 Oppenheimer: ‘Biochemische Zeitschrift,”’ 1912, xlv, 30. 


8 Levene and Meyer: “Journal of Biological Chemistry,” 1913, xiv, 149, and 
ibid., xv, 65. 
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Wohl! refers to the fact that methylglyoxal in alkaline 
solution is convertible into lactic acid. This has been shown 
to take place in tissue by Dakin? and by Neuberg,? and to be 
induced by white blood-cells.4 

The three trioses, d- and l-glyceric aldehyd and dioxy- 
acetone, yield lactic acid when treated with alkali2 When 
the red blood-cells of cattle are brought into a glucose solution 
they have no glycolytic effect; however, they do change 
d-l-glyceric aldehyd and dioxyacetone into d-l-lactic acid. 
Solutions of these cells have no effect on glucose, but convert 
d-l-glyceric aldehyd into d-l-lactic acid. This suggests the 
possibility of glyceric aldehyd being an intermediate metab- 
olite of glucose. 

Embden’ has especially emphasized this method of sugar 
metabolism, and pictures the cleavage of glucose and fructose 
as follows: 


i i 

C—H C—H CH,OH CH,0OH 
H—C—OH —— ari a 7 =O — : =O 

eee — CH,OH HO—C—H __CH:0H 
pee 3 eee od 6 

Saure cf H—C—OH oe 

l Nu Ds: 
H—C—OH —— H—C—OH ae a —- H—C—OH 

CH.OH CH,OH CH.OH ; CH,OH 

d-Glucose. d-Glyceric aldehyd. d-Fructose. Dioxyaceton; 


d-glyceric aldehyd. 


One may also conceive of the breakdown of glucose into 
one molecule of glyceric aldehyd and one of methylglyoxal, 
or into two molecules of methylglyoxal, as shown below: 


1 Wohl: ‘“Biochemische Zeitschrift,” 1907, v, 45. 

2 Dakin and Dudley: “Journal of Biological Chemistry ” 1013, xiv, 155. 

3 Neuberg: “Biochemische Zeitschrift,” 1913, xlix, 502. 

4Levene and Meyer: “Journal of Biological Chemistry,” 1913, xiv, 551. 

5 Oppenheimer: ‘Biochemische Zeitschrift,” 1912, xlv, 134. 

6 Embden, Baldes, and Schmitz: Ibid., 1912, xlv, 108. : 

7Embden, Schmitz, and Wittenberg: ‘Zeitschrift fiir physiologische 
Chemie,” 1913, lxxxvili, 210. 
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CHO 14 Was es 
HCOH je! re ee rs ee 
HOCH OH CH, HOCH OH CH: 
rite lee | 
HCOH aes ates —— CHO 
HCOH mei cae i eed 
CH,OH CH.OH CH.OH OH CH. 
d-Glucose. Methylglyoxal. d-Glucose. Methplatyaaa® 


d-Glyceric aldehyd. 


The production of methylglyoxal (CH;.CO.CHO or CH; : 
COH.CHO) as an intermediary metabolite of sugar metab- 
olism is of theoretic importance as showing by what means 
the asymmetry of the central carbon atom of a triose like 
d-l-glyceric aldehyd may be abolished, and then through the 
determinative influence of living cells be transmuted into a 
d-compound (Dakin, see p. 193). ° 

It will be shown later that lactic acid appears in the 
urine in many asphyxial conditions (see p. 422), and the long 
series of experiments which have been very briefly referred to 
above have been performed under asphyxial conditions. 
Only under these circumstances can the Cannizzaro reaction 
(see p. 192) take place. ; 


tae ig 

CO ih nies 

CHO O COOH 
Methylglyoxal. Lactic acid. 


The experiments described above indicate that lactic acid 
is not oxidized when formed. It is, therefore, highly probable 
that it must first be synthesized to glucose, or at least undergo 
reversible conversion into methylglyoxal which is convertible 
into glucose (see p. 193) before it can undergo oxidation. 

After consideration of all the evidence at hand, Dakin? 
presents “the construction of a crude scheme aiming at the 


i Woodyatt: “Well’s Chemical Pathology,” 1014, p. 
2 Dakin: ‘‘XVIIth International Congress of Medicine” London, Subsec- 
tion IIIa, 1913, p. 105. 
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representation of the biochemical interconversions of alanin, 
lactic acid, methylglyoxal, glyceric aldehyd, and glucose.” 
(Details, pp. 192-193.) 
; ny aa 
| | 
Glucose 
ces eo 


a 
Glyceric aldehyd 
(CeH50s) 


[| 
Mee | 
Lactic acid Methylglyoxal Alanin 
(CH;sCHOHCOOH) (CH;CO.CHO) (CHsCHNH2COOH) 


— 


The question of the further fate of methylglyoxal in the 
organism is uncertain. It is known from the work of Neu- 
berg! that carboxylase, which exists within the living yeast 
cell, splits pyruvic acid into acetaldehyd and carbon dioxid, 
the acetaldehyd being then either oxidized to acetic acid or 
reduced to alcohol. 

Levene and Meyer? find that leukocytes and kidney 
tissue will not cause the cleavage of pyruvic acid into acet- 
aldehyd and carbon dioxid nor oxidize it either, so that 
when one comes to consider the ultimate fate of glucose in the 
organism the question is beset with difficulties, for the destruc- 
tion of glucose depends on oxidative processes which take place 
within the living cell and which are not to be reproduced 
without the living structure. One can only formulate a 
hypothesis that acetaldehyd is a cleavage product of car- 
bohydrate, as, indeed, was postulated by Magnus-Levy while 
working in Hofmeister’s laboratory. From methylglyoxal, 
acetaldehyd might arise as follows: 


CH; CH; CHs3 HCOOH 


| pe om ae 

i? 7 CHO COOH HCOOH 

CHO OH HCOOH 
1 Neuberg: ‘“Biochemische Zeitschrift,” 1911, xxxvii, 170. 
2Levene and Meyer: “Journal of Biological Chemistry,’ 
3 Magnus-Levy: ‘Archiv fiir Physiologie,” 1902, p. 365. 


, 


1914, XVii, 443. 
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In the presence of oxygen acetaldehyd would be oxidized 
to acetic acid, which is not convertible into glucose, and this 
would then be oxidized to formic acid which readily breaks up 
into carbon dioxid and water (see p. 302). In the presence of 
hydrogen, acetaldehyd is reduced to alcohol. 

CH; CH; 


' | 
CHO CH,0OH 


This, however, cannot take place to any considerable 
extent in the organism, for in asphyxial conditions lactic acid 
is the end-product of glucose breakdown, and from it alcohol 
cannot be evolved. The production of alcohol from carbo- 
hydrate in metabolism is thus automatically checked. 

The formation of fat from carbohydrate when it is given 
in excess is probably due to the condensation of aldehyd 
molecules (Magnus-Levy). The process may thus be pictured: 


CH; rs i oes 
CHO. HCOOH. «Hs oe a 
eee: ad Ee ay es CH: 
CH; | | 

l CHO HCOHe:——_ CH, 
CHO 3. Seno l 
ithe CH, GH; 
CH; CH; | | 
CHO COOH 
co H CHO 

Lend ee 


HCOOH ——~ CO» 


If at any time the aldehyd radicle at the end of the chain 
becomes oxidized, the fatty acid is completed and the process 
of addition terminates. In this fashion through condensa- 
tion of acetaldehyd radicles split from methylglyoxal, fatty 
acids with even numbers of carbon atoms may be synthesized 
from carbohydrate in the animal organism. 

Written in its simplest form the production of palmitic 
acid from glucose would appear as follows: 


4C6Hi20¢ = CieH 2202 f 2HCOOH + 6COz + 6H.0 
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The end-result is one of carbon dioxid cleavage, just as in the 
case of the alcoholic fermentation of pyruvic acid induced by 
yeast cells. 

To enter still deeper into the part played by yeast cells, 
and to discuss in detail the notable and fascinating work of 
Carl Neuberg, would carry one beyond the object of this book.! 

The various sugars diffuse rapidly in the body. Thus 
when milk-sugar, which cannot be oxidized by the organism, is 
introduced intravenously into a dog, after half an hour 75 per 
cent. of the quantity present in the animal is found in the 
tissues and only 25 per cent. in the blood.? The entrance of 
glucose into the cells by diffusion is accelerated by increasing 
their temperature.’ 


THE INFLUENCE OF CARBOHYDRATE ON PROTEIN METAB- 
OLISM AND PROTEIN RETENTION 


At the suggestion of Voit, who believed that the sudden 
withdrawal of carbohydrate from the food would increase 
protein metabolism and would explain the high tissue waste in 
diabetes, Lusk‘ established himself in nitrogen equilibrium 
at two different levels. Withdrawal of 350 grams of carbo- 
hydrate from the diet increased the protein metabolism as 
appears below. The losses of body nitrogen are greater for 
the second day of change in the diet than for the first, since 
the metabolism at first remains under the influence of an ample 
glycogen supply which is available as a source of carbohy- 
drate (see p. 72). 

1Consult Neuberg: ‘‘Oppenheimer’s Handbuch der Biochemie,” Ergiin- 
zungsband, 1913, p. 569; Neuberg: ‘“‘Biochemische Zeitschrift,” 1915, Lxxi, 1; 
v. Euler: “Neure Forschung iiber alkoholische Gahrung, Fortschritte der Natur- 
wissenschaftlichen Forschung,” 1914, x, 63. 

2 Schwarz and Pulay: ‘Zeitschrift fiir exp. Path. und Ther.,” 1915, xvii, 
383 


‘3 Masing: “Pfliiger’s Archiv,” 1914, clvi, gor. 
#Lusk: “Zeitschrift fiir Biologie,’ 1890, xxvii, 459. 
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INFLUENCE OF CARBOHYDRATE WITHDRAWAL ON PROTEIN 


METABOLISM 
\ 
Days or Foon. Ree Ny 
ee ; Pavers, Creta| To REMARKS. 
TION. Calor- N. N. Bopy 


1€s. 


I I, 2,3 | 2953 | 20.55 | 19.84 | -+o.71| With carbohydrate. 
I 1078 | 20.55 | 23.78 | —3.23| Without carbohydrate. 
oie) 1078 | 20.55 | 27.00 | —6.45| Without carbohydrate. 


II 2 2490 | 9.23 | 13.08 | —3.85| With carbohydrate. 
I 615 | 9.23 | 13.27 | —4.04] Without carbohydrate. 
2 615 | 9.25 | 17.18} —7.95| Without carbohydrate. 


These results may be compared with the later results of 
Thomas (see p. 155), who showed that protein containing 18.4 
grams of nitrogen when given to a man did not maintain the 
body in nitrogen equilibrium when no carbohydrate was 
administered. 

Tallqvist! found that partial replacement of carbohydrate 
by fat in the diet may have no influence or only a transitory 
one upon the amount of protein metabolized. Thus, after 
establishing nitrogen equilibrium in man with a diet containing 
about 16 grams of nitrogen, 10 per cent. of the calories being 
in protein and 90 per cent. in carbohydrate, he replaced 
one-third of the carbohydrate calories with an isodynamic 
quantity of fat and obtained nitrogen equilibrium on the third 
day of the diet. This is of value in practical dietetics. 

Zeller? gave to a man a daily diet which contained very 
little protein and between 2700 and 3300 calories divided into 
different percentages of carbohydrate and fat. The protein 
metabolism of the body was not significantly altered until less 
than ro per cent. of the total calories were given in the form 
of carbohydrate, 7. e., butter, 360 grams; sugar, 70 grams; 
sauerkraut, 300 grams; tomatoes, 100 grams, containing 
3300 calories. At this juncture, when, as Zeller notes, one 
molecule of monosaccharid is present for two of fat in the ; 


1 Tallqvist: “Archiv fiir Hygiene,” 1902, xli, 177. 
2 Zeller: ‘‘Archiv fiir Physiologie,” 1914, p. 213. 
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diet, aceton appeared in the urine in traces. When 5 per 
cent. of the calories were given in carbohydrate, aceton 
appeared abundantly in the urine, and when the whole of the 
diet consisted of fat calories there was a still higher aceton 
excretion, with an increasing ammonia production to neutralize 
the acid formed and the patient complained of weakness and 
discomfort. 
The following table epitomizes the results obtained: 


Foon. | 


Galoriesan Peri Cent. Urine N Urine N PER 100 GRAMS, 


GRAMs. N In Bopy Grams. 
N Grams. 
Carbohydrate. Fat. 
3:43 100 ° 5.18 0.16 
3-21 75 25 5-75 0.18 
3.27 50 50 5.60 0.17 
3.88 25 75 4.82 0.15 
0.87 10 go 5.04 0.16 
0.86 5 05 6.02 0.20 
1.41 ° 100 6.90 0.24 
3-43 100 ° 4.85 0.15 


If two molecules of fat are oxidized in the presence of one 
molecule of glucose (which assumes that the 3300 calories 
contained in the diet were liberated in metabolism), then one 
molecule of fat would be oxidized in the presence of one dis- 
sociated triose molecule. Each molecule of fat is made up of 
one molecule of gylcerin and three of fatty acid. Since 
glycerin is convertible into a triose, it is apparent that from 
glycerin and ingested sugar two molecules of triose are 
available for simultaneous oxidation when three of fatty acid 
-are burned. Besides this, a small number of triose molecules 
may be derived from protein metabolized and another quota 
from stored glycogen.. It appears from this analysis possible 
that the normal combustion of fat each molecule of f-oxy- 
butyric acid, which is the end-product of the oxidation of each 
fatty acid, requires the presence of a triose molecule. Under 
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these conditions the oxidation of fat would take place with- 
out acidosis and without increasing the metabolism of protein. 

It is too early as yet to give a satisfactory explanation of 
the chemical reactions which might accompany this phenom- 
enon. It may be noted that when protein is given in large 
quantity with fat the acidosis does not appear. This is 
understandable in view of the production of glucose from 
protein. One may also marvel at the fact that the “bread 
cards” issued in Vienna during the great war for 50 grams of 
bread daily per inhabitant can yield scarcely sufficient car- 
bohydrate to prevent the occurrence of acidosis were bread the 
only food. 

Zeller’s experiments verify the conclusion that when the 
protein metabolism is reduced to a minimum, the elimination 
of creatinin nitrogen constitutes about 20 per cent. of the total 
quantity of urinary nitrogen (see p. 209). 

A significant fact is that when the body changes from a 
carbohydrate diet to one of fat or protein there is a consider- 
able loss of water. This was first noted by Bischoff and Voit,! 
who gave bread to a dog forty-one days and witnessed a loss 
in body weight of 531 grams, although if the nitrogen elimina- 
tion of the period had been all attributed to muscle breakdown 
the loss in body weight should have been over 3700 grams. 
Then when 1800 grams of meat were given in quantity 
sufficient to cause protein deposit, the weight of the animal 
fell 310 grams on the first day of this diet. 

The phenomenon also occurs in man, as the following 
experiment of Benedict and Milner? demonstrates. The 
experimental period lasted six days, mechanical work was 
performed daily, and isodynamic quantities of food, which 
were somewhat under the needs of the body, were ingested. 
During the first three days 66 per cent. of the energy in the food 
was contained in carbohydrates, and during the last three 


1 Bischoff and Voit: ‘Gesetze der Ernihrung des Fleischfressers,”’ 1860, 
pp. 211 and 214. 

2 Benedict and Milner: “U.S. Dept. of Agriculture,” Office of Experiment 
Stations, 1907, Bull. 175, p. 224. 
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days 67 per cent. of the energy was in the form of fat. The — 
following changes were noted: 


CARBOHYDRATE 
Drer. Fat Drer. 
Daily change water content of body, grams.. +165 —906 
Daily change in body weight, grams........ + 61 —91I4 


A loss of body glycogen is, therefore, associated with a loss 
of body weight. 

If carbohydrates be ingested alone, immediately after 
starvation, the protein metabolism may fall below the star- 
vation amount. 

This higher protein-sparing property gives to dogs fed on 
carbohydrates alone a longer lease of life than is granted to 
those fed on fat alone, although the ultimate outcome is the 
same. 

The protein metabolism may be reduced to one-third 
the fasting value, a result also obtained by Landergren! and 
by Folin?in man. Cathcart* gave a man who had been fasting 
fourteen days a diet of cream (300 c.c.) and starch (400 grams). 
The nitrogen excretion in the urine was as follows: 


Torat N. Urea N. 
Day 74 of Starvationea, ance. mS 5-09 
Ramet Ol.otealn-ctarchdictenreewty. «ssn. 7-43 5-80 
2 rs A 2 3.58 2.2 
ee: $s ara. cs ve 2.04 1.76 


The absence of a fall in protein metabolism on the first day 
is probably to be explained by assuming a large deposit of 
glycogen within the body at the expense of the starch ingested 
(see p. 290). On the third day of the diet the protein metab- 
olism had fallen to one-third that observed in fasting (see p. 
280). 

The sparing influence of carbohydrate oxidation upon 
protein metabolism has been beautifully illustrated by Lander- 
gren.4 Diets containing carbohydrates and fats, but scarcely 


1Landergren: ‘‘Skan. Archiv fiir Physiologie,”’ 1903, xiv, 112. 
2 Folin: “American Journal of Physiology,” 1905, xiii, 45. 

3 Cathcart: “Biochemische Zeitschrift,’’ 1907, vi, 109. 
4Landergren: Loc. cit., 


18 


. 
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any nitrogen (about one gram daily), were given men and the 
protein metabolism noted. This condition is called that of 
Specific nitrogen hunger. After four days’ administration of 
such a diet the urinary nitrogen may be reduced to less than 
4 grams. 

In one experiment in which this was accomplished carbohy- 
drates were entirely replaced by fat, with the result that pro- 
tein metabolism rose to the amount found in starvation (about 
to grams). It has already (p. 248) been explained that inges- 
tion of fat alone will not reduce protein metabolism below 
that of starvation. The experiment is-as follows: 


CARBOHYDRATE PERIOD. Fat PERIOD. 
Diet = 45.2 Cal. per Kg. Diet = 43.7 Cal. per Kg. 
N in Urine. N in Urine. 
Daysors eee tee T2270" Day 8a oe cannon 4.28 
LPP OR NI Ci tah oe reese Fn | 65 Grol dle eee 8.86 
TD a GRE eRe Ane OO Yorntrta sel Bhan etait ig etehe 9.64 
“ 
a ese me fake 
BS o Pan eae 3.76 


* Ordinary diet. 


On day s, the first of the fat diet, it is evident that the pro- 
tein metabolism was affected by the use of the glycogen supply 
of the body, an influence which became negligible on the second 
and third days of the fat diet (p. 72). 

Landergren gives the following results in various cases of 
specific nitrogen hunger, showing the nitrogen in the urine 
before the diet and after four days thereof: 


We Til. IV. V. 
N in urine (ordinary diet)..... 12.76 11.87 13.7 15.2 
.N in urine (specific N hunger). 3.76 3-95 3.04 4.2 
Calories in diet per kg......... 45.2 37.8 45.0 38.4 


This reduction of protein metabolism to 4 grams on the 
fourth day was brought about by the following diets in the 
different cases: . 


IL. ysovg: carbohydrates saaeepyneenersar 
III. 300 g. carbohydrates + 150 g. fat.... 
V. 380 g. carbohydrates + 150g. fat.... 


45.2 cal. per kg. 
37.8 “ “cc 
38.4 


Hoi tl 


“ “ 
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A diet containing half its calories in carbohydrates and half 
in fat has therefore the same protein protecting power as one 
made up of carbohydrates alone. This demonstrates the 
rationality of a mixture of the non-nitrogenous food-stuffs. 

The experiments of Karl Thomas have shown the pro- 
longed influence of a previous high protein diet upon the 
nitrogen output in the urine of man. A starch-cream diet had 
reduced the urinary nitrogen elimination to 2.2 grams daily. 
Then, during four days, 76, 87, 85, and 71 grams of nitrogen 
were given in the diet. The nitrogen retention in the body 
for the first four days was +43, +25, +8, and —1o grams, 
a total of +66 grams. This stored protein was by no means 
as rapidly demolished in the body as it was added toit. This 
appears in the third column of the following table: 

THE INFLUENCE OF PREVIOUS PROTEIN INGESTION UPON THE 


EXCRETION OF NITROGEN IN GRAMS IN MAN WHEN A DIET 
OF FAT AND CARBOHYDRATE IS ADMINISTERED. 


LANDERGREN.1 KINBERG.? Tuomas.3 
ast monmal day sd... msec n - 12.8 25.2 Te 
AD ern WERE T 8.9 18.3 28.3 
2 cae 5.2 14.5 ° 10.7 
CAP oitepeies am: ve 11.6 5.1 
: Biome soe 7 Q.I 5.2 
Specific N hunger day he wait So PF 
Ore. Uh ae 7.3 4.2 
TiS had ae 5.6 3:9 
(EOS Se soe ae rise Zee 
Meéatii(2:o%¢m JN) 5.05 20.2 4nd! 2.2 


Rubner* has defined the minimal protein metabolism 
under conditions of administration of carbohydrate in excess, 
as the “‘wear-and-tear”’ quota of protein metabolism. This 
minimal level is only achieved after the reduction of the cells 
from their optimal protein condition through loss of body 
nitrogen. Rubner estimates that a kilogram of body weight 

1Landergren: Loc. cit. 
2 Kinberg: ‘“Skan. Archiv f. Physiologie,’ 1911, xxv, 201. 


’ Thomas: ‘Archiv f. Physiologie,” 1910, Suppl., p. 249. 
4Rubner: “Archiv fiir Hygiene,” 1908, Ixvi, 45. 
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contains 30 grams of nitrogen. Since the individual investi- 
gated by Thomas weighed 73 kilograms, he contained 2190 
grams of nitrogen. When given 89 grams of protein nitrogen 
on a single day this represented 4.5 per cent. of his body’s 
supply. The 66 grams of protein nitrogen stored during the 
days of liberal protein ingestion, which raised the cells to an 
optimal condition, represented 3 per cent. of the total protein 
content. When carbohydrates alone were given this stored 
protein was only gradually eliminated—there was a transition 
period of constantly diminishing protein waste until a minimum 
of 2.2 grams of urinary nitrogen (with 0.6 grams in the feces) 
was found. The urinary nitrogen then represented approx- 
imately 1 part in 1000 of protein contained in the organism. 
This is the lowest ‘‘wear-and-tear” quota of protein metabolism. 

It is a point of debate whether the ‘‘stored protein” becomes 
true living tissue protein or whether it represents a special 
variety of deposit protein, which is retained in the tissue cells 
very much as glycogen is retained by them (see p. 81). The 
storage takes place largely in the liver. It would be interest- 
ing to follow the sulphur excretion during the early days of 
the transition period from high to low protein metabolism and 
note whether this sulphur elimination runs parallel to that 
of nitrogen in the usual ratio (see p. 169). Should this be 
the case it would indicate that ‘deposit protein” was the same 
as tissue protein. Phosphorus retention is not always pres- 
ent during the period of protein deposit (see p. 287). 

Rubner has given further useful definitions. A “repair 
quota”’ of protein is required in the food in order to replace 
that lost in the “wear and-tear” quota. A “growth quota” 
of protein is necessary in addition to a repair quota under the 
circumstances of multiplication of cells and of developing 
protoplasm in the young. Furthermore, an ‘improvement 
quota” of protein may be necessary in the adult after wasting 
disease, or after fasting, in order to bring the cells to an opti- 


1 Tichmeneff: ‘Biochemische Zeitschrift,’ 1914, lix, 326; Cahn-Bronner: 
Ibid., 1914, lxvi, 289. 
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mum of protein condition, thereby improving the welfare of 
the living organized protein.!_ When protein is given in excess 
so that it is not used for repair nor for growth nor deposit, 
its constituent amino-acids are deaminized and the residual 
oxy- or keto-acids are in part converted into glucose, in part 
into fatty acid, thus yielding fuel to the cells just as would 
carbohydrate and fat. This fraction of protein Rubner 
designates as the “dynamic quota.” 

Thomas calculated that during the period of minimal 
“wear-and-tear” protein metabolism, 0.4 calories were de- 
rived from the metabolism of 1.5 milligrams of protein per 
kilogram of body weight every hour, while 0.96 calories were 
derived from the oxidation of 259 milligrams of glucose. In 
other words, protein furnished only 4 per cent. of the energy 
required by a man at rest. Since mechanical work scarcely 
influences the “wear-and-tear’ quota of protein metabolism 
(see p. 311), although it largely increases the oxidation of 
carbohydrate, it is evident that protein may play a very small 
role as a producer of energy for the maintenance of the 
function of life. 

When carbohydrates are given in the diet, it is possible 
to establish nitrogen equilibrium at a much lower level than 
when protein alone or protein and fat are ingested. 

When carbohydrates and protein are ingested together in 
quantity sufficient for the requirement of the organism, it has 
been found that, taking the starvation protein metabolism as 
one, nitrogen equilibrium can be maintained by ingesting one 
part of protein.” 

The work of Sivén,? however, was the first indication that 
nitrogen equilibrium may be maintained at even a lower level 
than that ordinarily present in starvation. A somewhat 
undersized healthy man, weighing 60 kilograms, who normally 
ate a mixed diet containing 16 grams of nitrogen, was given 
less and less protein, and an attempt was made to establish 


1 Rubner: “Archiv fiir Physiologie,” 1911, p. 67. 
2 E. Voit and Korkunoff: ‘Zeitschrift fiir Biologie,” 1895, xxxii, 117. 
3Sivén: “Skan. Archiv fiir Physiologie,” 1900, x, gt. 
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nitrogen equilibrium at lower and lower levels. 
ration was rich in carbohydrates and yielded 2444 calories. 

The experiment was divided into four periods of about a 
week each, which may be summarized as follows: 


The daily 


Days Untit N | N Loss BEFORE 
‘ N IN THE Torat N ADDED 

L N Days. Equitiprium | N Equitirium 
ie Snag Foon. was OBTAINED. | WAS OBTAINED. To Bopy. 
L% 12.69 I 0.53 +9.73 
II, 8 10.40 I 0.34 +6.04 
TITS 622 oh coer 8.71 at once ee +4.39 
VVe Gea cake sae 6.26 3 2.09 —0.58 


It is apparent that nitrogen equilibrium may be established 
after ingesting 6.26 grams of nitrogen, although, as has been 
seen, the elimination during the early days of starvation in man 
is usually 1o grams. During the first three periods of reduced 
protein intake, as much as 20.16 grams of protein nitrogen 
were actually added to the body. In a fifth period nitrogen 
equilibrium was obtained on the fourth day on a diet contain- 
ing 4.52 grams of nitrogen. 

Thomas! administered during frequent intervals grail 
quantities of meat washed free from extractives to the man 
who had partaken of a starch-cream diet and had reduced his 
protein metabolism to one represented by a minimum of 2.2 
grams of urinary nitrogen daily. Nitrogen equilibrium was 
nearly achieved after administration of that quantity of 
protein nitrogen which corresponded to the quantity eliminated 
in the urine and feces. This is shown below in grams per day: 


Day. 49 5° 51 52 53 54 55 
Nun dictscnneey fo) ° 2.89 2.89 2.61 2.61 ° 
INMin nine aie 2.31 2.16 2.23 2.48 2.56 3.13 3-40 
Nin fecesi.n sane 0.74 0.73 0.74 0.73 0.74 0.73 0.74 
INSlOSSe Sica —3.05 —2.89 —0.08 —0.32 —0.69 —1.25 —4.23 


In this experiment the ingestion of the quantity of protein 
which was the equivalent of the “wear-and-tear” quota was 
1 Thomas: 


‘‘Archiv fiir Physiologie,” 1910, Suppl., p. 249. 


=. 
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at first nearly sufficient to completely “repair” the tissue. 
While living upon this low protein diet the mental and mus- 
cular power was unchanged. 

Chittenden! finds that nitrogen equilibrium may be main- 
tained on a diet containing a very small amount of protein and 
two-thirds of the body’s requirement of energy. The first 
experiment was on Fletcher and lasted six days. The daily 
ration contained 7.19 g. nitrogen + 38.0 g. fat + 253 g. car- 
bohydrates = 21.3 calories per kilogram. The excreta con- 
tained 6.90 grams of nitrogen daily. On this diet the indi- 
vidual showed ‘‘remarkable physical strength and endurance.” 

Another experiment was performed by Chittenden on him- 
_self and lends itself for interesting comparison with the results 
of the ingestion of a maintenance ration. The food was 
principally vegetable. The results may be thus tabulated: 


A LOW LEVEL OF NITROGEN EQUILIBRIUM IN NORMAL AND. 
UNDERNUTRITION 


| 
Drer. 


Date. N ExcrerTIon. N BaLancr. 


N In Grams. CAL. PER Ke. 


Marchi237it.7-10-ou 6.79 34-7 6.56 +0.23 
March) 2532s. 7 2 6.88 22.4 6.34 +0.54 


Nitrogen equilibrium may therefore be maintained at a low 
level, even during the state of undernutrition present when 
22.4 calories per kilogram are in the daily diet. On a milk diet 
Rubner? found that the ingestion of 2483 grams of milk con- 
taining 84 grams of protein and two-thirds the body’s require- 
ment of energy resulted in the addition of 6.7 grams of protein 
to the body daily for three days (see p. 353). 

It is a valuable piece of information to know that one may 
diet an obese patient on a food containing little protein and 
two-thirds the body’s energy requirement without danger of 


1 Chittenden: “Physiological Economy in Nutrition,” 1904, PP. 14, 40. 
? Rubner: “Zeitschrift fiir Biologie,” 1879, xv, 130. 
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protein loss. The other third of the necessary energy will be 
furnished by the body’s own store of fat. It is not remarkable 
that the body is capable of great physical effort on such a diet, 
for a fasting man is also competent in this direction (see p. 71). 

In Chapter on p. 156 mention was made of the sparing action 
of gelatin on protein metabolism, and its ingestion was found to 
prevent about 23 to 37.5 per cent. of the protein loss. during 
starvation. Murlin' in an extensive series of experiments has 
shown that the sparing power of gelatin is greater than this 
when it is ingested with a mixed diet. He finds that if the 
quantity of nitrogen eliminated in fasting be taken as one, 
then nitrogen equilibrium may be maintained in dogs and in 
man on ingestion of a diet rich in carbohydrates, whether the 
nitrogen of the diet be protein nitrogen equal to one or whether 
it contain one-third protein plus two-thirds gelatin nitrogen. 
This is shown in the following experiment on a man, the results 
being expressed in averages per day: 


EFFECT OF ADMINISTERING GELATIN IN A MIXED DIFT 
IN MAN 


N elimination on a third day of fasting = 13.23 gm. 


No. Cat, CAL N 
. IN N in Ex- N To 
Source or N in Diet. OF IN PER ROOD: CRETA. Bopy. 


Days. | Foop. Ke. 


Grams. Grams. Grams. 


ALY proteinuNe, aacertace cee 3 3208 47 14.25 13.33 | +0.87 
Two-thirds (63%) gelatin . 

N + one-third protein Nj*° 3620 | 51 74-53 | 13-82 | -F0.71 
All proteinuNsas saan ter 2 3220 46 14.26 13.52 | +0.74 


Murlin? also showed that the sparing power of gelatin was 
due to its immediate chemical nature, and not to the 60 per 
cent. of glucose which can arise from it in metabolism (see 
p. 174). For example, a fasting dog was given 12 grams of 
glucose daily for four days after thirteen days of fasting; then 
20 grams of gelatin were substituted during a period of four 
days. The glucose scarcely exerted any sparing power over 


1Murlin: “American Journal of Physiology,” 1907, xix, 285. 
2 Murlin: Ibid., 1907, xx, 234. 
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the protein metabolism, whereas the ingestion of gelatin 
showed the usual sparing of 31 per cent. 

The same fact was demonstrated on a man who was brought 
into nitrogen equilibrium on an adequate mixed diet containing 
10 grams of nitrogen and carbohydrates enough to supply 50 
per cent. of the energy. The state of nitrogen equilibrium was 
not quite maintained when gelatin was used as the source of 
two-thirds of the nitrogen in the diet. Murlin explained this 
as being due to a dislike for sweets on the part of the indi- 
vidual so that he could not take carbohydrates in large excess. 
However, when the nitrogen of the diet was reduced so as to 
contain only protein nitrogen equal to one-third that elimin- 
ated in fasting, together with the 60 per cent. of glucose 
which could have originated from the gelatin previously 
ingested, the waste of body nitrogen rose far above that 
observed when gelatin and other protein were given. The 
experiment may thus be presented: 


INFLUENCE OF GELATIN IN METABOLISM 


Figures are for the last day of each period 


No. CAL. CAL. 


Source or N in Drv. OF IN PER Nix | Nin Ex-| No 


Days. | Foon. Ke: Foon. CRETA. Bopy. 
Grams. Grams. Grams. 
Meat + veg. protein N*.....) 4 1971 43 10.05 10.35 | —0.30 


F a ‘ 
Two-thirds (67%) gelatin } 6 tae 42 a6 igi? orks 


N-t+one-third veg. protein N 
One-third veg. protein N...| 3 1858 | 40 3.23 5.62 | —2.39 


* Two-thirds meat N + one-third vegetable N in wheat, oats, and rice. 


Here the rise in the metabolism of body protein corresponds 
to the withdrawal of gelatin from the diet even in the presence 
of a considerable intake of carbohydrate. Hence Landergren’s! 
interpretation that the rise in nitrogen elimination, which 
takes place on changing from a pure carbohydrate to a pure 
fat diet, is due to the body’s absolute requirement for carbohy- 


1 Landergren: Inaugural Dissertation, 1902: ‘“‘Maly’s Jahresbericht,” 1902, 
p. 685. 
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drate and that it obtains this by increasing its protein metab- 
olism is scarcely tenable, although even now this point is 
emphasized by many writers. 

It is evident that the ‘‘wear-and-tear” quota of protein 
metabolism must be covered by the ingestion of an equal 
“repair” quota, while the additional “dynamic” quota may 
be supplied by protein or by gelatin. Murlin found that 
the “repair” quota was best administered in the form of 
beef heart, and that the proteins of biscuit meal were very 
inefficient as sparers of body protein. 

In the course of his experiments Murlin found that the 
longer the animal had fasted, that is, the lower its protein 
condition, the more readily did gelatin reduce the waste of 
body protein. 

Murlin also showed that three-quarters of the starvation 
nitrogen ingested as gelatin and one-quarter as protein were 
not able to maintain nitrogen equilibrium in the dog. Two- 
thirds the starvation nitrogen requirement ingested as gelatin 
and one-third as protein maintain nitrogenous equilibrium. 
Carbohydrates ingested alone reduce protein metabolism to 
one-third that found in starvation. One-third the starvation 
quantity seems to be the lower limit of protein metabolism 
compatible with life. 

It may also be noted that in a fasting diabetic dog the 
protein metabolism may rise to fivefold that noted in simple 
fasting (see p. 463), or fifteenfold the irreducible minimum of 
the “wear-and-tear” quota. Under these circumstances the 
writer has found that pure gelatin given alone is more effective 
as a protein sparer than it is in simple fasting. Thus after 
giving 30 grams of gelatin to a fasting phlorhizinized dog the 
following results were obtained on analyzing the urine every 
twelve hours: 


GLUCOSE. N. Bopy N. 

Fasting, twelve hours. testes 12.58 Su 7 —3.77 
Gelatin (= 4.644 g. N), Mi a 

seelve Mite fr Me set 120506 6.02 1.37 


Fasting, twelve hours......... ..... 3-79 —3-79 
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If the fecal nitrogen, which is very small after gelatin 
ingestion, be neglected, it may be calculated that body protein 
was spared to the extent of 63.7 per cent. after the administra- 
tion of gelatin instead of 30 per cent. as in ordinary fasting. 
One may, therefore, conclude that the great waste of body 
protein which takes place in diabetes belongs in Rubner’s 
category of “dynamic” protein metabolism, for which gelatin 
may be largely used as a substitute. 

McCollum! gave to a pig a diet of starch and salts contain- 
ing go calories per kilogram of body weight for twenty-four 
days and then during eight days added gelatin, the nitrogen 
content of which equalled the urinary nitrogen excretion at 
the end of the starch period. The results showed a sparing 
of the minimal endogenous protein metabolism (the ‘“‘wear- 
and-tear’”’ quota) equal to 4o per cent., as appears below: 


Nin URINE FECES ToraL Loss To 

d f h Drier. N. N. N. Bopy. 
Starch diet, twenty-fourt 

Bile 3 SoS 2.59 0.94 3-53 —3-53 

Starch + gelatin, average 6s 3072 nod 4.76 hrs 


of eight days. 


The creatinin nitrogen, which remained at the same daily 
level throughout the experiment, was at the start 18.3 per 
cent. of the total urinary nitrogen. It is interesting to note 
that the reduction in the amount of endogenous protein 
metabolism brought about by the ingestion of gelatin is 
exactly the same quantity which may be withdrawn from the 
endogenous metabolism in the form of glycocoll following the 
ingestion of sodium benzoate (see p. 188). The creatinin excre- 
tion is not affected in either case. It is interesting to specu- 
late whether the exogenous amino-acids of gelatin replace in 
metabolism that part of the “wear-and-tear” quota which 
involves the endogenous production of glycocoll. 

Curiously enough, the endogenous protein metabolism 
may be greatly reduced when ammonium acetate or citrate are 


McCollum: ‘American Journal of Physiology,” 1911-12, xxix, 215. 
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added to a rich carbohydrate diet. This subject was first 
studied by Grafe,! who announced that nitrogen equilibrium 
could be maintained with carbohydrate and ammonium acetate 
in the diet, and who saw in this a synthetic formation of pro- 
tein within the organism. Even the ingestion of ammonium 
chlorid reduced the amount of protein metabolism. A paper 
by Abderhalden? followed quickly, which showed that though 
ammonium acetate when given with starch, sugar, fat, and 
bone-ash greatly reduced the endogenous metabolism, yet 
nitrogen equilibrium could not be attained under these 
circumstances. Abderhalden believes it possible that the 
animal cell may synthesize alanin, serin, or even cystein under 
these conditions, although he thinks that the heterocyclic 
and aromatic amino-acids are much less likely to be formed. 
He suggests that the mass action of ingested ammonia may 
prevent the deamination of some of the amino-acids, which 
may therefore be used once again for the repair of the tissue. 
Abderhalden’s explanation seems the more rational of the 
two. A considerable sparing of endogenous protein metab- 
olism was observed by Grafe’ to take place after the adminis- 
tration of ammonium citrate with carbohydrate, and this has 
been confirmed by Underhill,t who, however, could find no 
influence exerted by ammonium chlorid. 

Grafe> has announced that urea when given with carbohy- 
drate protects body protein from waste just as ammonium 
citrate does. This is denied by Abderhalden.* Henriques 
and Andersen’ explain Grafe’s results as due to the growth of 
bacteria within the medium of the intestinal tract of herbivora. 


‘4 ‘Grafe and Schlapfer: “Zeitschrift fiir physiologische Chemie,” 1912, 
SVE 
? Abderhalden: Jbid., 1912, Ixxviii, 1. A vast literature, experimental and 
polemical, has arisen from these two papers. 
3 Grafe: “Zeitschrift fiir physiologische Chemie,” 1912, Ixxxii, 347. 
* Underhill and Goldschmidt: ‘Journal of Biological Chemistry,” 1913, 
KV, 341. 
5 Grafe and Turban: “Zeitschrift fiir physiologische Chemie,” 1913, Ixxxiii, 
25, 
6 Abderhalden: Jbid., 1913, Ixxxiv, 218. 
7 Henriques and Andersen: Jbid., 1914, xcii, 21. 


INFLUENCE OF THE INGESTION OF CARBOHYDRATE 285 


Rats may be maintained when given such bacterial masses as 
the source of their protein food. 

Lower organisms have the power to synthesize protein 
from sugar and some simple source of nitrogen. Thus, 
Armand-Delille! found that the tubercle bacillus grew as well 
in a culture-medium of sugar, glycerin, glycocoll, and arginin, 
with addition of appropriate salts, as it did in a solution of 
1 per cent. of peptone in bouillon. 

Delbriick, in Germany, discovered that yeast cells devel- 
oped rapidly and formed body protein when they were placed 
in a solution of sugar and ammonium sulphate. The mass 
thus developed is stated to have been used on a large scale as 
a source of protein food for cattle during the time of fodder 
scarcity introduced by the present war. 

Lower organisms may therefore form the various aliphatic, 
aromatic, and heterocyclic amino-acids from carbohydrate 
and ammonium salts. 

Within the body of the mammal there is evidence that 
some of the simpler deamination reactions are reversible 
(see p. 194), but the experiments with gelatin demonstrate 
that when tryptophan and phenylalanin are lacking these 
important building-stones of protein cannot be synthesized, 
for nitrogen equilibrium can only be obtained when they are 
admixed with the gelatin food. The consideration of other 
“deficient” proteins will be given elsewhere. 

The cause of the great reduction in the fasting quantity 
of protein metabolism when carbohydrates alone are ingested 
has been thus stated by Knoop: “The animal body may 
therefore synthesize amino-acids from ammonia. If amino- 
acids can be produced from oxyacids, such as originate from 
carbohydrate metabolism, for example, then it is possible to 
comprehend chemically not only the production of sugar from 
protein but also reactions in a reverse direction. The minimal 
nitrogen metabolism of fasting may be reduced either through 


1 Armand-Delille, Mayer, Schaeffer, and Terroine: ‘‘Archive de Physiologie 
et de Pathologie generale,” 1913, xv, 707. 
? Knoop: “Zeitschrift fiir physiologische Chemie,” 1910, Ixvii, 489. 
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the ingestion or through the intermediary production of non- 
nitrogenous acids, which unite with ammonia prior to its 
synthesis to urea and form amino-acids.” 

Since amino-acids when ingested tend to reduce protein 
metabolism this seems a plausible hypothesis. However, one 
should bear in mind the experiment of McCollum (see p. 188), 
in which 40 per cent. of the urinary endogenous protein nitro- 
gen could be removed in the form of glycocoll when benzoate 
of soda was ingested without affecting the amount of protein 
metabolism. This glycocoll nitrogen when once bound as 
hippuric: acid could not have participated-in any interplay of 
chemical reaction with keto- or oxyacids produced in carbohy- 
drate metabolism. 

Rubner has called attention to the extremely soluble 
character of the monosaccharids, and it may be that a plethora 
of carbohydrate molecules reduces the demands upon the 
structural protein of the cells. Furthermore, it has been 
noted that the production of B-oxybutyric acid is associated 
with an increased protein breakdown (see p. 94), so that the 
action of carbohydrate may perhaps prevent chemical injury 
to the cellular framework by promoting the normal oxidation 
of B-oxybutyric acid. 

Since carbohydrates so effectively spare protein from com- 
bustion, it would seem logical that their use should render the 
retention of protein in the body easier than when fat is given 
with protein. 

Liithje! finds a long-continued nitrogen retention in man 
when much nitrogen in protein is ingested (up to 50 gm. N 
daily!) and carbohydrates and fat making a total of 4000 
calories or 66 calories per kilo. (See also Bornstein’s experi- 
ment, p.. 154.) 

In a subsequent paper Liithje? finds that the P.O; retention 
in convalescence is that which corresponds to the retention of 
protein for the formation of new tissue, including bone. 


1Liithje: ‘Zeitschrift fiir klinische Medizin,” 1902, xliv, 22. — : 
? Liithje: “Deutsches Archiv fiir klinische Medizin,” 1904, Ixxxi, 278. 
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Sometimes in a healthy person not enough P.O; is retained to 
build up “‘flesh,” and the protein retained must, therefore, exist 
in the form of ‘‘deposit protein.”” This protein, he says, is 
not stored in the blood, for the composition of the blood does 
not alter, but is perhaps retained in the cellular fluids, just as 
glycogen is retained by the cells. 

Rubner states that the greater the impoverishment of the 
protein supply in an animal fed with fat, the more powerful is 
the protective effect of small quantities of ingested protein over 
the loss of body protein. Also the retention of protein de- 
pends on the protein content of the animal as well as on the 
quantity of protein ingested. ‘This is illustrated in the follow- 
ing table: 


INFLUENCE OF THE PROTEIN CONTENT OF. A DOG ON THE 
RETENTION OF PROTEIN INGESTED 


Totrat N ContENT N 1n TErRMs OF 100 N In Doc 
or Doc. IN Foop. To Bopy. 
REO ATMs Oh ielelcuars © aro «eR eS « 5.25 +1.65 
BSA ee ert ee bt aise pl Ania da. cVere a aetete ve 5.57 1.02 
PRE Merten ect ciirota cs 5s nik Riess eRe ae os 6.72 +2.64 
BOS TIeMe ee Gino ok s he Lae ree ahs 12.79 +2.62 


It is evident from this that of the same diet of protein more 
will be retained when the nitrogen content of the dog is low 
than when it is high; and also that a small-protein intake may 
cause the same retention of nitrogen as a large protein intake, 
if in the first instance there be a relative impoverishment of the 
protein content of the animal. 

According to these laws adult cells which have been de- 
pleted of their protein may gradually improve their nutritive 
condition until they reach an optimum, at which point they 
lose their power to attach additional protein. 

This is also illustrated in an experiment by McCollum,! 
who gave to a pig a diet containing 14 grams of nitrogen per 
day in the form of casein and starch, so that the value of the 
diet was 100 calories per kilogram during a period of thirty-six 
days. The animal retained 43 per cent. of the nitrogen in- 


1 McCollum: “American Journal of Physiology,” 1911-12, xxix, 215. 


288 SCIENCE OF NUTRITION 


gested. During the first three days it added 9.65 grams of 
nitrogen to the body daily; during the last three, 3.69 grams. 
With the increase in active protoplasm the creatinin nitrogen 
excretion rose from 0.24 to 0.31 grams per day. 

The conditions of protein metabolism are entirely similar 
to those of starch metabolism: (1) Digestive hydrolysis; (2) 
partial combustion of the end-products; and (3) possible 
regeneration of portions of the end-products into substances 
akin to the originals but characteristic of the organism—~. e., 
glycogen and body proteins. In the case of proteins the 
second or metabolic process involves the production of sugar 
and of fatty acids from the amino-acids involved. The third 
gr regenerative process is promoted by such a protein as casein, 
which yields the proper variety of cleavage products. 

In conclusion, it may be said that carbohydrates are the 
most economical of the food-stuffs, both physiologically and 
financially. They are the greatest sparers of protein. In- 
gestion of fat has for its object the relieving of the intestine 
from excessive carbohydrate digestion and absorption. Inges- 
tion of fat in too large quantities leads to digestive distur- 
bances, and if carbohydrates are entirely abandoned, to 
acetonuria. 


CHAPTER X 


THE INFLUENCE OF THE INGESTION OF CARBO- 
HYDRATE 


PART II—THE RESPIRATORY METABOLISM 


IN a previous chapter (see p. 238) it has been stated that 
when Rubner gave cane-sugar to a dog and measured the 
metabolism during a period of twenty-four hours the heat 
production was raised by an increment amounting to about 
5 per cent. of the calories ingested. This fact, which has been 
repeatedly confirmed, does not tell the whole story, because 
the absorption of the very soluble sugar takes place in the first 
few hours. Thus Magnus-Levy' noticed that after giving 155 
grams of cane-sugar to a man there was a maximal increase 
in metabolism of 12 per cent., with a return to the basal level 
during the fifth hour after taking the food-stuff. 

Johansson, Billstrém, and Heijl? have shown that if 50 to 
200 grams of cane-sugar be given a fasting man, the carbon 
dioxid output increases from 22.6 grams per hour to about 30 
grams per hour. The larger ingestion did not produce a 
higher elimination of carbon dioxid than does the smaller 
amount. This indicates the evenness with which sugar 
entering the blood-stream is utilized by the organism. If 
sugar be present in excess it may be stored as glycogen until it 
is needed by the cells. The rise in the carbon dioxid output 
was greater after fructose is ingested than after glucose is given. 
This was explained as due to the fact that fructose is less readily 


1 Magnus-Levy: “Pfliiger’s Archiv,”’ 18094, lv, r. 
_ > Johansson, Billstrém, and Heijl: “Skan. Archiv fiir Physiologie,” 1904, 
XVI, 263. 
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retained in the liver as glycogen, and therefore reaches the 
tissues in a larger stream than does glucose under similar 
circumstances, and hence more completely replaces fat as the 
source of energy. In a later paper Johansson! explains that 
after ingesting 200 grams of glucose containing 740 calories, 
or one-quarter the man’s energy requirement for a day, the 
rise in carbon dioxid output lasts for six hours and then falls to 
the fasting basis. This is an indication of the ready absorption 
and combustion of ingested glucose. If there has been pro- 
longed fasting, ingested glucose may cause no rise in the car- 
bon dioxid output in man on account of its conversion into 
glycogen. (See p. 273.) 

Durig? gave too grams of glucose to a man and compared 
the metabolism with that obtained after giving 100 grams of 
fructose. In the latter case the heat production as measured 
by indirect calorimetry was to per cent. greater than in the 
former; the respiratory quotients were usually higher, being 
more frequently over unity, and therefore indicating a readier 
conversion of fructose into fat than was the case with glucose. 

Du Bois? made calorimetric observations on men. after 
giving 100 and 200 grams of glucose and noted the following 
increases above the basal metabolism: 


PERCENTAGE INCREASE IN HEAT PRODUCTION AFTER GIVING 
GLUCOSE TO MAN 


Hours Arrer Foope.essss nels ne I 2 3 4 5 
4 

Subject E. F. D. B., 100 grams : 6 

glucose 3 eH 2 

J OD etek atest (0.01) (0.89) (0.88) (0.90) 
Subject E. ae B., 200 grams)| 13 17 8 7 

glucose if 

+ Ose tn ak 5 nee anes (0.95) (0.93) (0.95) (1.00) 
Subject L. C. M., 200 grams 

g creat } 24 16 16 

» Qa shina ate eee enue (0.92) (1.00) (1.02) 


1 Johansson: “Skan. Archiv fiir Physiologie,” 1908, xxi, 30. 


> Tégel, Brezina, and Durig: ‘Biochemische Zeitschrift,” r913,1, 208. 
’ Gephart and Du Bois: “Archives of Internal Medicinct 1915, xv, 835. 
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“One hundred grams of glucose caused an average increase 
of 9 per cent. in the heat production and 200 grams one of 
12.5 per cent. during three to six hours after their ingestion by 
a man of 75 kilograms in weight. Ingestion of 200 grams of 
glucose by a man of 60 kilograms weight caused an increase of 
16 per cent. in the heat production. When the larger quantity 
was administered, the respiratory quotients indicated that the 
heat production was entirely at the expense of carbohydrate 
and protein. 

The behavior of carbohydrate in many of its details may 
be best observed in experiments on animals. 

Extensive calorimetric observations upon dogs have been 
carried out in the author’s laboratory, and the following 
principles are believed to have been established: 

After giving 50 grams of glucose to a dog Fisher and 
Wishart! found an increase in the percentage quantity of blood- 
sugar at the end of the first hour, and this was followed by a 
fall to the normal level. A similar phenomenon had been 
observed in man? after giving 150 grams of glucose; but in 
the dog it was further observed that when the sugar solution 
was given there was at first a considerable reduction in the 
quantity of urine eliminated. This appears from the following 
analysis: i 


QUANTITY OF URINE AS INFLUENCED BY FASTING AND BY 
WATER AND GLUCOSE INGESTION 


| GiucosE 50 Gm. | GLucosE 75 G 
150 C.C. 2 ‘ yh eg 

Hour. Fastinc. W sees IN oe, ae IN A 50 Ee 
(er Git (Aes GiGs Cc. 
I 7 28 7 6 
2 2 27 ") 6 
3 4 28 12 7 
4 3 17 100 be) 
5 ; 66 89 

6 22 


‘Fisher, G., and Wishart: “Journal of Biological Chemistry,” 1912, xiii, 


9. 
* Gilbert and Baudouin: ‘Compt. rend. soc. biol.,” 1908, Ixv, 710. 
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These authors also found that the hour of the sudden in- 
crease in the quantity of urine eliminated coincided with the 
completion of the absorption of glucose from the gut, and with 
the last hour of increased metabolism as determined in Lusk’s 
calorimeter experiments. These circumstances led them to 
investigate the hemoglobin content of the dog’s blood. They 
discovered that although at the end of the first hour there was 
no alteration in this regard, yet at the end of the second hour, 
when between two-thirds and three-quarters of the ingested 
sugar had been absorbed from the intestine, the blood usually 
became more dilute, as shown by a fall in the percentage 
amount of hemoglobin. This indicates the continuance 
of a generous distribution of glucose molecules to the tissues 
by means of an increase in the volume of the nourishing 
fluid. 

With the cessation of absorption and the return of the 
blood to its normal volume the metabolism falls to its basal 
level, the respiratory quotient frequently falls, and there is 
every indication of a regulation of the carbohydrate supply to 
the tissues by the liver so that fat and carbohydrate are 
oxidized together. Only when this food- supply is supple- 
mented by carbohydrate from the gut does the metabolism 
rise. Such an increase may, therefore, be properly termed the 
“metabolism of plethora.” It was furthermore shown that 
during the period ‘of absorption there was little retention of 
glycogen by the liver—the absorbed glucose apparently passed 
freely into the tissues. The largest glycogen content of the 
liver was found during the last hour of absorption, the last of 
high metabolism, and the hour characterized by passage of a 
large volume of urinary water. This was the hour when the 
liver assumed the duty of arbiter over the carbohydrate 
supply to the cells. 

The calorimetric and respiratory experiments which estab- 
lished these interrelations are portrayed in the accompanying 
chart (Fig. 20). 

The experiments showed that the height of the metabolism 


INFLUENCE OF THE INGESTION OF CARBOHYDRATE 293 


was about the same whether 50 or 75 grams of glucose were 
given, only in the latter case the effect was more prolonged. 
This is in accord with Rubner’s idea of “self-regulation,” and 
also accords with the fact that the fermentative activity of 
living yeast cells is independent of the concentration of the 
sugar solution in which they live. 


20 CALORIES 


TI 


NO FOOD DEXTROSE - Needs ue NACL UREA Water 


AYE 20 2 22 2 3 253 44:3 Aes oe 23 4 3.664 et. 


006. 676 (26. 200cc. 


Fig. 20.—Illustrating the effect of the ingestion of glucose and fat and of 
water, urea, and salt solutions on the metabolism. Solid lines—metabolism 
in calories as calculated. Broken lines—metabolism in calories as found. 


What is the cause of the increased metabolism after the 
ingestion of glucose? In Fig. 20 it appears that the adminis- 
tration of 150 c.c. of water, either alone or containing 6.7 
grams of sodium chlorid or 17 grams of urea, has no effect 


1Rubner: “Sitzungsberichte der k. preussischen Akademie der Wissen- 
schaften,” 1913, Vili, 232. 
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upon the heat production. Therefore neither osmotic ex- 
changes nor increased kidney function, nor intestinal absorp- 
tion can play any part in the increased heat production. 

These experiments led to further investigations! to inquire 
into the cause of the rise in heat production after glucose 
ingestion. To this end various carbohydrates were given to 
the same dog in quantities of 5ograms. ‘The fact that fructose 
exerted a more powerful influence on metabolism than glucose 
was confirmed. It was also shown that galactose oxidized 
with much greater difficulty in the dog than the other two 
monosaccharids, as evidenced by a lower metabolism and a 
lower respiratory quotient, and that lactose was not oxidized 
at all, and therefore caused no increase in the heat production. 
This latter fact must have been due to the absence of lactase 
from the intestine. These relations are shown in the following 
table: 


INFLUENCE OF 50 GRAMS OF VARIOUS CARBOHYDRATES UPON 
THE METABOLISM OF THE DOG 


—— 


2,3, AND 4 
Hovrs. 
EXPERIMENT AVERAGE 
No. Sucar 50 Gm. R.Q. Percentage of 
Increase Over 
Indirect Basal 
Metabolism. 
34, 36 GItiCOSe!, Ae ere eet casein nays 1.00 30 
64, 66, 67 FrictQseok.cs wa iee cee 1.02 27, 
60, 58 Sucrose. . Ae ape ec ee 1.02 34 
67 Galactosa.g.cu ue eae 0.93 22 
62 Lactose. corse ap eee terete eee ee 0.90 é 


Weinland? has shown that galactose does not form glycogen 
as readily as do glucose and fructose. From these facts it’is 
most probable that galactose does not as readily dissociate 
into easily oxidizable molecules as do glucose and fructose. 


1Lusk: “Journal of Biological Chemistry,” 1915, xx, 555. 
2?Weinland: ‘Zeitschrift fiir Biologie,” 1899, xxxviii, 16 and 607. 
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By similar reasoning one may explain the difference in be- 
havior between glucose and fructose. Glucose molecules 
require simple dehydration for conversion into glycogen and 
may in that fashion be removed from the tissue fluids. Fruc- 
tose cannot be thus removed. It must first undergo chemical 
change, very likely by fragmentation into methyl-glyoxal with 
its three-carbon chain (formula on p. 265) before it can be 
synthesized into glycogen. These molecules being then in 
greater mass than similar molecules derived from ingested 
glucose would have been, it is easy to conceive that a higher 
metabolism would result on account of the greater plethora 
of oxidizable particles. F. G. Benedict! states that the 
cause of the specific dynamic action of carbohydrates is the 
formation of acids, which act as stimuli. In support of this 
he cites an experiment by Benedict and Joslin,? in which an 
increase of 30 per cent. in the heat production of a diabetic 
woman took place after the ingestion of 100 grams of fructose, 
notwithstanding the fact that the respiratory quotient before 
and after administration of the sugar was 0.69, indicating that 
none of the fructose was oxidized. Since fructose is trans- 
formed into glucose in the diabetic organism, Benedict inter- 
preted this experiment as indicating the formation of acid 
intermediary products which stimulated metabolism. 

Lusk has proved that when 12.5 grams of glycocoll, which 
are convertible into ro grams of glucose, are given to a phlor- 
hizinized dog, the heat production is largely increased (see p. 
244). Not so, however, with fructose. When io grams of 
fructose, which are convertible into 10 grams of glucose, are 
given to a phlorhizinized dog there is no increase whatever 
in metabolism. The chemical intermediates between fructose 
and glucose are without stimulating influence. This appears 
in the following experiment: 

1 Benedict, Pa Ges: lane of the XVth International Congress of 


Hygiene,” 1912, ii, 3 : ; 
2 Benedict and Toctiii “Metabolism in Severe Diabetes,” 1912, p. 60. 
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THE INFLUENCE OF FRUCTOSE IN PHLORHIZIN GLYCOSURIA 


CALORIES. 
Non- 
Exe. ConpITIONS Hours oe RO .a roe , 
No ; SDN | Tei Pp Total 
pepe? R.Q. ee || Indie 


tein, rect. 


81 | Eighth day fasting and 
MHLOTRIZIN see ase eaeean «22 | O-7T9 | O175. [7.04 | SO.6 7 
22 


O:7iL| 0:74. 4 7.040) 2702 


tb 
5 ai 


Average....... be ayer J KOs 75H ee se 27.10 

Same after fructose 10 gm. .31 | 0.697] 0.72 | 6.08 | 25.80 
-31 | 0.697] 0.72 | 6.08 | 25.80 

I | 0.680} 0.70 | 0.08 | 24.78 


wh 
au 
Ww 


AVElASE, nine te oN 0.692} .. s 25.40 


From the fact that the ingestion by a phlorhizinized dog 
of alanin, which certainly yields lactic or pyruvic acids in 
metabolism, causes a considerable rise in the heat production, 
(see p. 244), one may conclude that such acids are not inter- 
mediary metabolites in the reaction which converts fructose 
into glucose. 

It may be added that if much acid be produced in carbo- 
hydrate metabolism, one would expect to find an increased 
quantity of ammonia in the urine during the oxidation of 
carbohydrate, just as ammonia elimination increases when 
lactic acid is formed in phosphorus-poisoning, but such an 
increase is not observed.!' Furthermore, if there were a con- 
siderable production of acid as a result of carbohydrate 
oxidation one would expect to find a fall in the quantity 
of carbon dioxid in the blood, such as occurs after giv- 
ing meat, whereas unpublished experiments done by Dr. 
A. L. Meyer in the author’s laboratory show that this is 
not the case—the quantity of carbon dioxid remains un- 
changed. 

It is interesting to note that Freise? found that when a 
surviving dog’s liver is perfused with blood it yields 55 to 192 


1 Murlin and Lusk: ‘Journal of Biological Chemistry,” 1915, xxii, 15. 
? Freise: ‘‘Biochemische Zeitschrift,” 1913, liv, 474. 
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milligrams of carbon dioxid per minute per kilogram of sub- 
stance. Addition of glucose, pyruvic ‘acid, lactic acid, or 
glyceric acid increases the carbon dioxid 50 per cent., whereas 
galactose, glyoxylic, glycollic, and acetic acids were without 
influence. 

It is, of course, known that the end-product of sugar 
metabolism, carbonic acid, is a stimulus to the respiratory 
center; but the end-product cannot be the cause of its own 
increased production for the following reasons: If methyl- 
glyoxal be an intermediate it may pass, on the one hand, back 
into glucose, and, on the other, forward into acetaldehyd 
with the elimination of carbon dioxid. 


C.H,20;—2H20 ——» CH;.CO.CHO + H:O0 ——?). CH;.CHO — CO; - He 


The reader is referred to p. 268, on which is described how by 
this process the transformation of carbohydrate into fat 
may occur. Now if, under these conditions, there is a great 
stimulation of metabolism, one would expect to find after 
giving an excess of carbohydrate that the heat production 
would be proportional to the amount of fat synthesized in the 
organism. ‘This is emphatically not true. Neither the extra 
volume of carbon dioxid produced, which carries the respira- 
tory quotient above unity, nor the extra metabolites involved 
in the reaction are effective in materially increasing the heat 
production (see p. 308). 

It would seem that the real cause of the increased heat 
production after carbohydrate ingestion lay in the plethora of 
acetaldehyd molecules, which the cells, within the limits of the 
definite upper level imposed by self-regulation, were capable 
of utilizing. Above this level the acetaldehyd molecules are 
convertible into fat with little loss in the original energy 
content of the sugar from which they arise. 

The subject may be approached from still another stand- 
point, combining the influence of carbohydrate with that of 
amino-acids and other food-stuffs. The following observa- 
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tions have been made by the author.1. When 50 grams of 
glucose were administered to a dog the heat production in- 
creased 30 per cent.; with 70 grams, the increase was 35 per 
cent. Twenty grams of glycocoll increased it 36 per cent., and 
the same amount of alanin, 32 per cent. Combined, 50 grams 
of glucose and 20 grams of glycocoll are the glucose equivalent 
of 66 grams, and yet when they were,given together the metab- 
olism increased 56 per cent., an increase greater than 66 grams 
of glucose could have induced. Glucose and alanin in similar 
quantities are a glucose equivalent of 70 grams and caused an 
increase in heat production of 53 per cenit. It is obvious that 
an increase in the quantity of glucose when this is given in 
large amounts scarcely affects metabolism; but that the chem- 
ical stimulus of amino-acids acting in conjunction with a 
plentiful supply of glucose results in a rise in heat production 
which is nearly the sum of the two individual influences acting 
separately. This points to a distinct difference between the 
cause of the specific dynamic action of glucose and that of 
alanin, which latter is convertible into lactic acid and eventu- 
ally into glucose. 

Lactic acid from alanin or glycollic acid from glycocoll 
may therefore raise the level of cell activity through direct 
stimulation; and if fragments of glucose metabolism be present 
in quantity, these may enter as,increased fuel to produce yet 
higher metabolism in the cells than the oxyacids would alone 
induce. . 

Also, when alcohol is given with glucose the metabolism 
rises above the level it would have attained had glucose been 
administered alone. The respiratory quotient falls, the cells 
oxidize both alcohol and the fragments of glucose metabolism, 
and produce almost as much extra heat as the sum of the 
quantities of heat which each material would have induced 
alone. 

These experiments were extended by Murlin and Lusk,’ 


1Lusk: Loc. cit. 
2 Murlin and Lusk: ‘Journal of Biological Chemistry,” 1915, xxii, 15. 
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so that the influence of glycocoll, glucose, and fat when ingested 
severally and together could be analyzed. 

It was found that if glucose be ingested at the time of the 
highest fat metabolism, the heat production undergoes a 
second increase to the same extent which glucose alone would 
have increased metabolism. At this level of higher metab- 
olism the respiratory quotient is 0.93 or 0.94, instead of unity, 
which it would have been if glucose had been given alone, 
hence glucose and fat were being oxidized together. The 
urinary ammonia fell following the ingestion of glucose four 
hours after fat ingestion, and this was true in spite of the com- 
bined oxidation of fat and carbohydrate. This does not 
suggest the presence of acid formation as the cause of the 
high metabolism. 

When glucose and glycocoll are given together so that 
their molecules enter the circulation at the time of the height 
of fat absorption, the increase in metabolism is very nearly 
equal to the sum of the increases which each of the three 
materials would have induced alone. 

The following table and accompanying chart (Fig. 21, p. 
300) show these relations: 


THE EFFECT OF GLYCOCOLL, GLUCOSE, AND FAT, SEVERALLY 
AND TOGETHER 


Dog XIV. Second Series. 


CAL. No. INCREASE 
EXPERIMENT Nos. RO: PER OF OVER 
te Hoor. | Hours. NorMat. 
Cale tert. 

BES al Gee CES ASE erates v:. HA Sic chatta te Soi ssn 0.86. | 22.7 2 
20 Date pevpratag. 4): ohh. 0.80 | 26.6 4* 3.9 17 
18 Glycocoll, 20 DEAMIS yf oats Sin 0.90 | 27.6 2 4.9 25 
16, 19 Glucose, 70 grams. . I.02 | 20.6 2 6.9 30 
23 Glucose, 50 grams + glycocoll, 

20 grams.. Eis (132-5 2 10.8 48 
24 Glucose, 50 grams - ‘glycocoll, 

20 grams, given four hours 

aftertat, 75 grams, <.. ¢ 2... rier ialluect pect 2 14.6 64 


* Hours 6, 7, 8, 9 after fat ingestion. 
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Fig. 21.—The effect of fat, of glycocoll, of glucose, of glucose + glycocoll, 
and of glucose + glycocoll + fat upon the heat production. (The ‘glucose 
four hours after fat” curve is atypical, is not similar to other experiments, and 
probably denotes a slow emptying of the stomach). 


From the data obtained with this dog the following 
computation may be made, which shows that the sum of the 
individual increases of heat production caused by each sub- 
stance is only a little more than the total heat production 
when all the substances are given together: 
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Catorres. ~ Per CENT. 
hy COcOM moo PTAMS ys. waaay. aaa aan Pecans ALO 25 
SS IMCOSey, {ONCE RIS ee cra aes aera ctee dee oes 6.9 30 
Ae CLOTAIN Ss Meese cetera site crs chs select 3.9 17 
Va Co} AN a Sever ace er Oe ae ee Ce Tey 72 
Glycocoll, 20 gm. + glucose, 50 gm., 4 hrs. after 
ean it ar ROA Se eke 6 Ott CRO ne eee 14.6 64 


A THEORY OF METABOLISM 


Rubner! conceived that the living cell had essentially 
two nutritive affinities—one for fat, the other for carbohydrate. 
When, as in diabetes, the affinity for carbohydrate was ren- 
dered inactive, fat alone oxidized for the maintenance of the 
body. Rubner’s theory of metabolism is given on p. 239. 

The more intimate knowledge derived from the study 
of the action of intermediary metabolites during short periods 
of time compels another viewpoint. In presenting the follow- 
ing interpretation, the writer is keenly aware of the transitory 
character of all theories.? 

In each mammal there is a basal metabolism. ‘This corre- 
sponds with the minimal heat production eighteen hours after 
taking a mixed diet. Under these circumstances the cells 
are nourished by a food supply of fat and of carbohydrate, the 
latter supply being regulated by the liver. The basal metab- 
olism may be acted on by food in the following ways: 

(1) Amino-acid stimulation, in which some oxy- or keto- 
acids derived from protein metabolism stimulate the cells to a 
higher level of oxidative activity. 

(2) Fat plethora, in which an influx of fat from the gut 
increases the heat production at the expense of fat itself. 
When fat is oxidized two carbon atoms are broken from the 


1Rubner: “Archiv. fiir Hygiene,” 1908, lxvi, 15. 

2 During the discussion which followed the presentation of papers on the 
subject of the specific dynamic action of the food-stuffs at the International 
Congress of Hygiene and Demography held at Washington in 1912, Professor 
Rubner said: “Ich freue mich dass die Frage der ‘specific dynamic action’ 
durch neue Untersuchungen weiter gefiihrt worden ist. Die Erklarungen der 
Tatsachen wechseln mit der Zeit: das ist die Geschichte der Wissenschaft. 
Ich freue mich constatieren zu kénnen, dass meine alten Untersuchungen nun 
endlich bestatigt worden sind.” 
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chain together. What form this cleavage takes is not known; 
it is usually pictured as productive of acetic acid. If palmitic 
acid broke up by successive oxidations into acetic acid radicles, 
one could write the following reaction: 


CysH320O22 + 140 = 8C2H102 
Palmitic acid. Acetic acid. 
I gram 1.348 grams 


9353 calories 4706 calories 


Such a reaction involves 50 per cent. loss of heat. Perhaps 
the energy imparted to the cell in fat metabolism is derived 
from a twofold source—acetic acid and the oxidation at the 
B-carbon atom of the fatty acid; or perhaps a substance more 
highly explosive than acetic acid is set free as the result 
of B-oxidation. In any event one may conceive of the oxida- 
tion of fat as being in the nature of successive ultra-micro 
explosions, which act as power for the machinery of the cells. 

(3) Carbohydrate plethora, in which an influx of carbohy- 
drate from the intestine increases the heat production. When 
these enter the circulation alone they are oxidized to the exclu- 
sion of fat. It appears certain that the intermediary metab- 
olites of glucose and fructose are far more readily oxidizable 
than fat, and on this account, when they are present, they 
satisfy the energy requirements of the cell and the fat is not 
attacked. If glucose breaks up into methyl-glyoxal and this 
into acetaldehyd and formic acid, the reaction would be as 
follows: 


CsH,2.0,—2H.O ——s 2C; »H4O2 a 2H2,O Se 2CHs. CHO a 2HCOOH 


Glucose. Methy!l- Acetaldehyd.1 
glyoxal. 

I gram 0.4889 gram 

3.762 calories 3.008 calories 


According to this computation, and assuming that hydro- 
lytic reactions are accomplished without thermal changes, 79 
per cent. of the energy liberated in carbohydrate metabolism 

1 Tf the hydrogen in formic acid were oxidized to water (HCOOH —— CO, 


+ H2, H, + O = HO) the heat evolved would be 0.755 calorie. The heat 
of combustion of formic acid is unknown. 
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would be derived from acetaldehyd and 21 per cent. from 
formic acid. 

There is no indication of a physiologic separation of 
these two varieties of energy. It happens frequently that 
with the cessation of glucose absorption the respiratory quo- . 
tient remains at 1.00, indicating that carbohydrate is still 
the essential food, and yet the metabolism has fallen to the 
basal level. One must, therefore, conclude that the metab- 
olism increases only in the presence of a plethora of dissociated 
fragments of sugar. The metabolism may rise to a certain 
height which is not transcended, and an excess of metabolites 
above this level may be converted into fat (see p. 308) with 
scarcely any energy loss. 

(4) Carbohydrate and Fat Plethora——Here there is a 
summation of effect. It seems as though that part of the 
cell mechanism which is susceptible to fat metabolism when 
fat is present in excess is not inhibited from metabolizing such 
surplus fat even in the presence of carbohydrate. 

(5) Amino-acid Stimulation and Carbohydrate and Fat 
Plethora.—Simultaneous ingestion of an amino-acid and 
carbohydrate acts in such a manner as to suggest that the 
increase in metabolism due to carbohydrate plethora is es- 
sentially independent of that due to the chemical stimulus of 
amino-acids. Also when an amino-acid is given together with 
glucose at the height of fat metabolism (four hours after fat 
ingestion) the increase in heat production is nearly one amount- 
ing to a summation of the three influences. 

One may, therefore, conclude that the influence of food 
upon the quiet resting cell under these circumstances is upon 
three independent mechanisms within the cell: 

(a) A mechanism which is receptive to a chemical stimulus 
derived from the metabolism of such amino-acids as glycocoli 
and alanin. 

(b) A mechanism of carbohydrate plethora which allows 
the metabolism of carbohydrate up to the limits imposed by 
“self-regulation.” 
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(c) A mechanism capable of receiving power from that 
quota of fat which when in excess increases the heat produc- 
tion of the cell. 


THE CONVERSION OF CARBOHYDRATE INTO FAT 


Voit, when he wrote his “Physiologie des gesammt Stoff- 
wechsels und der Ernahrung,” in 1881, was unable to give 
definite proofs of the conversion of carbohydrate into fat in 
the organism, although such conversion was popularly believed 
to take place. Definite proof of the conversion of carbohy- 
drates into fat was afforded by Meissl and Strohmer,! who 
gave a pig, weighing 140 kilos, 2 kilograms of rice containing 
1592 grams of starch daily for seven days, and collected the 
carbon and nitrogen of the excreta by means of a Pettenkofer- 
Voit apparatus during two days of the period. The average 
results per day were as follows: 


CARBON, NITROGEN, 
RAMS. Grams. 
Ingestédintioodsnmt teaver acer eet 765.37 18.67 
Excretéd «Mi ectuiceatcs ee tee thot cuneate 476.15 12.59 
Balance retained in the body.......... 289.22 6.08 


The nitrogen retained represented 38 grams of protein 
containing 20.1 grams of carbon; 269.12 grams of retained 
carbon were therefore available for glycogen or fat construc- 
tion. Since the amount of carbon retained exceeded the pos- 
sible glycogen formation, fat must, therefore, have been added 
to the body. Had all the carbon retained been converted into 
fat it would represent a production of 343.9 grams of fat. Of 
this only 33.6 grams of fat could have arisen from the protein 
metabolism of the period. Hence it is possible that 310.3 
grams of fat may have originated from 1592 grams of starch 
ingested, which indicates a conversion of 19.5 per cent. of the 
starch given into fat. 

Similar experiments were made with geese by E. Voit and 


1 Meissl and Strohmer: ‘“Sitzungsberichte der k. Akad. d. Wissenschaften,” 
1883, Ixxxviii, III Abtheilung. 
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C. Lehmann.! The geese were starved four and a half days 
and were then fed with rice. 

One of these respiration experiments which lasted thirteen 
days has been published,? and is as follows: 


NITROGEN. CARBON. 

Tnathej260q grams Of rce.c 0 ceo. a. oe os 41.47 1159.7 
In the excreta— 

ixivie andi feces. cfs. sia chaaie os he a aehers 45-39 134.8 

LSS STEAL A TST, sneha aliens oak eric ace 657.8 

otal eee eer OP kit loka 45-39 792.6 

Change imi the DOdye daa. wices as cian ss cs — 3.92 +367.1 


At the commencement of the experiment the animal 
weighed 4 kilograms. There was no protein retention, but 31 
per cent. of the carbon ingested was not eliminated. The 
protein metabolism could not yield nearly enough carbon to 
account for that retained. As the rice contained but 0.51 
per cent. of ether extract, the retained carbon could not have 
been administered in the form of fat. If 367.3 grams of carbon 
had been retained in the form of glycogen this would have 
aggregated 851 grams, or 20 per cent. of the whole goose, 
or the starch content of a potato. This is a manifest impossi- 
bility, since E. Voit* found only 2.2 per cent. of glycogen in a 
goose which had been largely fed on rice. Since the carbon 
retained could not have been stored as glycogen, the only 
alternative remaining is to assume its retention as fat. 

Rubner about the same time showed the same principles 
to be true in the case of the dog. 

It is evident, then, that pigs, geese, and dogs can convert 
carbohydrates into fat. The fattening of cattle may be 
similarly accomplished. 

The ability to convert carbohydrate into fat probably 
exists throughout the animal kingdom. Thus Weinland‘ has 
expressed from living ascaris ferments which convert glycogen 

1 Voit: “Sitzungsberichte der kgl. bayr. Akad. d. Wissenschaft,”’ 1885, p. 
ae) Lehmann and E. Voit: “Zeitschrift fiir Biologie,” 1901, xlii, 644. 
3E. Voit: Ibid., 1889, xxv, 543. 

4 Weinland: Jbid., 1901, xlii, 55; 1902, xliii, 86; 1904, xlv, 113. 
20 


- 
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into glucose and then into valerianic and possibly caproic 
acids—o.8 gram of dextrose yields 0.3 gram of valerianic 
acid. 

This is suggestive of a wide-spread biologic capability. 

When carbohydrates are converted into fat in the organism 
the respiratory quotient (¥92™°5, see p. 57) may rise very 
considerably above unity. This is for the reason that an 
oxygen-rich substance like glucose is being converted into 
substance which is poor in oxygen. Hence the volume of 
expired carbon dioxid may be greater than the volume of 
inspired oxygen. Max Bleibtreu! found that the respiratory 
quotient of a goose which had been stuffed with grain was 1.33, 
whereas the same goose when fasting showed a normal quotient 
for that condition of 0.728. Pembrey? describes how marmots 
previous to the winter hibernation instinctively devour large 
quantities of carbohydrate food, and how the respiratory 
quotient may rise even as high as 1.39. This indicates a fat 
production for use during the winter. 

Grafe* gave to a fasting dog three times his daily caloric 
requirement of energy in the form of carbohydrate, and noted 
an increase of 33 per cent. in the heat production and a maxi- 
mal non-protein respiratory quotient of 1.31. A discussion 
of the intermediary chemical reactions involved in this process 
has already been given (see p. 268). Written in their simplest 
formule the production of butyric or of palmitic acids from 
glucose would read: 

CsHiOs + O2 = CHO. + 2CO2 + 2H20 


4Cs6Hi20 + Os = CiceHs2O2 + 8CO2 + 8H20 


One may accept Bleibtreu’s formula as the simplest 
expression of the conversion of carbohydrate into fat, as 
follows: 


roo gm. fat + 115.45 gm. CO2 + 54.6 gm. H2O 


270.6 gm. glucose 
; 950.0 calories. 


997.2 calories = 
1 Bleibtreu: “Pfliiger’s Archiv,” 1901, Ixxxv, 345. 

2 Pembrey: ‘Journal of Physiology,” 1oo1, xxvii, 407. 

3 Grafe: “Deutsch. Archiv fiir klin. Med.,” 1914, cxiii, 1. 


ae 


INFLUENCE OF THE INGESTION OF CARBOHYDRATE 307 


The reaction is evidently exothermic, 4.7 per cent. of the heat 
being liberated. If the heat evolved be measured on the 
basis of the extra carbon dioxid production, 1 liter of such 
carbon dioxid would have a value of 0.8 calorie, or less than 
one-sixth the caloric equivalent of a liter of carbon dioxid 
obtained from the oxidation of glucose in the ordinary manner. 

On the basis of this the heat production of a dog after 
giving 70 grams of glucose was calculated in experiments 
performed by Lusk.! The results of two of the three experi- 
ments are presented in the accompanying table: 


DOG III. METABOLISM AFTER GIVING 70 GRAMS OF GLUCOSE 
IN 210 C.C. OF WATER AT 38° 


EXPERIMENT 88. EXPERIMENT QI. 
f 
Non- Indirect . Non- Indirect : 
Hours. protein | Uncor- P paacaios | Direct. protein Uncor- Pavia Direct. 
hak, 10: rected. ‘| R. Q. rected. 5 
Calories. | Calories. | Calories. Calories. | Calories. | Calories. 


2 | 1.03 25.24 | 25.34 | 26.12 1.08 24.52 24.78 25.31 
Seealeer Ti 24.89 25.26 | 25.83 1.14 24.91 25.38 25.63 
4 I.12 24.82 25.21 24.86 I.16 24.98 25.49 25.12 


74.05 75.81 76.81 74.41 75.65 76.06 


That the method of calculation of indirect calorimetry in 
the presence of respiratory quotients above unity is correct 
may be deduced from these experiments. The “uncorrected” 
heat values represent calculations based on the oxygen absorp- 
tion alone, while the ‘“‘corrected” values are those in which the 
quantity of CO, eliminated in excess of a non-protein respira- 
tory quotient of unity is given a value of 0.803 calorie per 
liter. 

It is evident that after a large ingestion of glucose direct 
and indirect calorimetry agree closely if the heat value of the 
carbon dioxid which is evolved in the intermediary trans- 
formation of carbohydrate into fat be taken into consideration. 


'Lusk: Loc. cit. 


308 SCIENCE OF NUTRITION 


During the first three hours of Experiments 88, 90, and 
gt the calculated heat production was 75.81, 75.30, and 75.64, 
while the CO, excretion in excess of a non-protein respiratory 
quotient of 1.00 was 1.07, 0.80, and 1.73 liters; it is, there- 
fore, apparent that the intensity of metabolism is not related 
to the height of the respiratory quotient. The transformation 
of carbohydrate into fat takes place with the liberation of 
very little energy, and the height of the total metabolism is 
scarcely affected by the process. 


CHAPTER XI 


THE INFLUENCE OF MECHANICAL WORK ON 
METABOLISM 


In the account of metabolism during starvation a short 
description has already been given of the influence of mechan- 
ical work on protein metabolism, of the influence of pos- 
ture on general metabolism, and of the relation of the 
amount of metabolism to the diurnal variations of human 
temperature. 

The source of mechanical work must be from metabolism, 
for mechanical energy cannot be derived from nothing. The 
necessary energy might be obtained in one of two ways, either 
at the expense of a proportionate reduction in the quantity of 
heat liberated by the resting organism, or by an increase in the 
amount of the metabolism. In the former case work would 
diminish the heat production and might cool the tissues, which 
is not observed to take place. If work were done at the 
expense of increased metabolism, and if this increase were 
completely converted into mechanical effect, then the heat 
production in the organism might remain the same as in the 
resting state. If, however, the result of mechanical effort 
be a stimulation of metabolism “to the extent of not only 
enabling the body to do work but also causing it to produce 
more heat than when at rest, then the tendency of the tissues 
must be to grow warmer, perhaps with a resulting outbreak 
of sweat to reduce the body temperature through physical 
regulation. The last named is the actual process. 

Lavoisier’s discovery that the absorption of oxygen is in- 
creased during mechanical exercise firmly established the fact 
of a higher metabolism under these conditions. 
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The first experiments in which the effect of work upon the 
total metabolism was demonstrated were made upon a man by 
Pettenkofer and Voit.!. A man turned an ergostatic wheel 
7500 revolutions on each working day for a period of nine 
hours, which afforded sufficient exercise to cause great fatigue 
at the end of the day. The experiments were made both 
during hunger and when the man was ingesting a medium 
mixed diet. The food supplied in the mixed diet contained: 


Grams. CALORIES. 
Proteins ciisdy eer te oe T2t.7 506 
| OFF cee Mere ee AR bern awl, cosy Wit Gea a, Sy 3 ad 1088 
Carbohydrates; 6 jsuctineis aiteahit eee 352. 1443 
Total se si.ig.c.c wacky Sete ee eee en eee 3037 


The metabolism of this man, a strong workman, weighing 
70 kilograms, at rest and at work, starving or on the me- 
dium mixed diet as given above, is presented in the following 
table 


EFFECT OF MECHANICAL WORK ON METABOLISM IN MAN 


Grams METABOLIZED. 
' Cat. |E 
— ro AnovE alo; o” PEE 
CAR- OLISM. FASTING | TENKOFER 
Prorern.| Fart. BOHY- * |Quantity.| AND Vort. 
DRATES, 

Starvation—Rest.....| 70.8 222 on 2374 Daye Y I 
¥ —Rest.....| 68.7 208 AS. 2231 wats Ill 
3 —Work....| 66.1 387 ae 3882 1582 IV 
Mixed diet—Rest....| 121.7 73 352 2638 336 V 
i —Rest....| 118.7 93 352 2714 412 VI 
2 —Rest....| 125.0 84 352 2750 458 VII 
s —Work...| 121.7 208 352 3856 1554 VIII 
Me —Work...| 122.0 152 352 3378 1076 IX 


» 1 Pettenkofer and Voit: ‘Zeitschrift fiir Biologie,” 1866, ii, 537. , 
2T have multiplied the nitrogen of the ingesta and excreta by 6.25 to obtain 
the quantity of the protein given and metabolized. The ratio N :C = 1 : 3.28 
in protein has been employed. The dry starch has been calculated as con- 
taining 44.2 per cent. and the fat as containing 76.5 per cent. of carbon, which 
were the figures used by Pettenkofer and Voit. Rubner’s standard calori- 
metric values have been used. (See Introductory Chapter.) 
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From these early experiments it was evident that mechan- 
ical work did not increase protein metabolism even in starva- 
tion, but that the power to do work might readily be supplied 
by the increased metabolism of fat. 

In the earlier editions of this book (1906 and 1909), the 
question was asked whether energy evoked by the specific 
dynamic. action of the food-stuffs could be utilized in the 
production of mechanical work. 

The following experiments by Rubner! show beautifully 
that there is a summation of function as regards the extra heat 
production due to the specific dynamic action of protein and the 
extra heat production incident to mechanical work: 


THE INFLUENCE OF DIET AND MECHANICAL WORK UPON THE 
METABOLISM OF A MAN 61-63 KG. IN WEIGHT 


CAtorres PRODUCED. Heart Loss. 
Dre AnD ConpiTions. Baenty Poa 
four Increase. | Due to se pad oe Work. 


Hours. Work. 


Calories. | Per Cent. | Calories. | Calories. | Calories. | Calories. 


INO 00d) rests. 222 os 6 0 1976 pee ie Baths 380 1596 
Cane-sugar 600 gms. + 
20 3000 gms., rest..| 2023 | + 2.4] .... 520 1494 
Same + work (100,000 
Ikea) ecerres ents yy. 2868 | +45.2 845 907 1727 234 
Protein, large amount of 
meat, rest... 2515. | +-27.2 sete 614 IQOI 


Protein, same "diet, me 
work (100,000 ke.).. 3370 | +70.5 855 1235 IQOI 234 


Rubner observed that mechanical work was performed with 
greater ease when cane-sugar was the basis of the diet than 
when protein was given. The temperature of the chamber in 
which the experiments were performed was about 20° and the 
humidity was about 4o per cent. Rubner calls especial at- 
tention to the fact that when cane-sugar was given the in- 
creased heat produced by the body was lost, partly by the 
increased evaporation of water (62 per cent. of the increased 


1Rubner: ‘“Sitzungsberichte der preussischen Akademie der Wissen- 
schaften,” 1910, xvi, 316. 
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heat production) and partly by an increase in radiation and 
conduction from the skin (38 per cent. of the increased heat 
production), whereas after meat had been given the elimina- 
tion of the entire extra heat production due to work was thrown 
upon the activity of the sweat-glands. A high protein dietary 
is therefore contraindicated in athletic contests, especially 
when the weather is hot and humid. . 

The 100,000 kilogrammeters of work described above 
were produced by the action of the arms upon an ergostat. 
Since this quantity of work is the mechanical equivalent of 
234 kilo-calories, and since 850 extra calories of metabolism 
were invoked in its accomplishment, it is evident that the 
mechanical efficiency of the human engine under these cir- 
cumstances was §24 OF 27.5 per cent. 

Benedict and Murschhauser! confirm the summation of 
energy increase from food and work in the case of men walking 
in a horizontal direction. 

Recent investigations in my laboratory, however, indicate 
that a small dog, accomplishing a given amount of mechanical 
work, shows nearly the same heat production without food as 
after the ingestion of 70 grams of glucose. This is an impor- 
tant fact. : 

Rubner? shows that a man of 70 kilograms weight, devel- 
oping mechanical energy to the extent of 15,000 kilogram- 
meters per hour, produces practically the same quantity of 
carbon dioxid, no matter what.the temperature of his environ- 
ment may be. The results of the experiment are as follows: 


PERCENTAGE Carson Dioxip WATER Ex- 


TEMPERATURE MOIstTurRE IN PER Hour CRETED PER Hour 

OF THE AIR. THE AIR. IN GRAMS. In GRAMS. 
TAS 81 84.0 58.0 
12.7° 84 78.5 70.8 

16.7" 59 97.0 35.0 
1755 87 84.5 90.4 
18.8° 83 81.2 112.8 
25.05 47 78.7 230.0 


1 Benedict, F. G., and Murschhauser: ‘Energy Transformations During 
Horizontal Walking,’ Carnegie Institution Publication 231, 1915, p. 91. 

2 Rubner: Von Leyden’s Handbuch, “‘Die Ernéhrungstherapie,” 1903, Bd. i, 
P- 74. 
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This person while at rest and at a temperature of 21.1° ex- 
creted 33.6 grams of carbon dioxid and 42 grams of water. 

It is clear that during work the metabolism is indepen- 
dent of surrounding temperature or climatic conditions. 
In other words, during mechanical work the influence of the 
“chemical regulation” of body temperature may be eliminated 
(see p. 134). The extra heat production in doing mechanical 
work is utilized instead of the production of heat which is 
excited reflexly through cold. These results were forecast by 
Voit.t 

Generally speaking, neither clothing nor temperature 
affects the amount of the metabolism during exercise. They 
influence only the quantity of water eliminated in the per- 
spiration, in the effort of the body to maintain its normal 
temperature through physical regulation. It is evident from 
Rubner’s details of the water excretion that at a low temper- 
ature the extra heat production during mechanical exercise is 
lost by radiation and conduction. Rubner explains that the 
slight increase in the excretion of water above that lost while 
at rest is due to its increased evaporation through increased 
respiratory activity. At a higher temperature conduction 
and radiation become insufficient to cool the body, and a 
large proportion of the loss of heat takes place at the expense 
of the evaporation of sweat. 

In hot, moist climates, however, the cooling of the body 
through the evaporation of moisture becomes difficult, and 
this is especially pronounced in the case of fat people (p. 147), 
who with difficulty discharge the héat produced within them. 
Broden and Wolpert? show the effect of the action of temper- 
ature and humidity on the metabolism of a fat man, weighing 
tor kilograms, who executed the same amount of mechanical 
work under various conditions of experimentation. The work 
was light, being 5375 kilogrammeters per hour. The results 
were as follows: 


1Voit: “Zeitschrift fiir Biologie,” 1878, xiv, 152. : 
2 Broden and Wolpert: “Archiv fiir Hygiene,” 1901, xxxix, 298. 
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EFFECT OF WORK, TEMPERATURE, AND HUMIDITY ON THE 
METABOLISM OF A FAT INDIVIDUAL 


Grams PER Hoovr. 
Dry Arr. Hum Arr. 
TEMPERATURE. 
COz in Grams | H20 in Grams | COz in Grams | H2O in Grams 
per Hour. per Hour. per Hour. per Hour. 
BOG neroane hear te 47.8 Sea Lae. 46.4 
DO FO CP ai sac eons RRs 47.3 as 48.0 
BO= 37 Seana 50.3 319+38 gm. 60.7 269 
sweat. - + 
266 gm. 
sweat. 


This individual was the same already mentioned (p. 147), 
and the explanation given there is equally applicable here. In 
a dry climate the same amount of mechanical work may be 
accomplished by a fat person at both 20° and 30° without 
changing the metabolism. Ata temperature of 37° the metab- 
olism rises, for the cooling power of the evaporating sweat does 
not seem sufficient to act through the dense covering of fat. 
This action is intensified in moist air, where the evaporation of 
water is hindered. Under these latter conditions the small 
amount of work was accomplished only at the expense of 
great discomfort and profuse perspiration. 

The obese, therefore, work under great disadvantage in a 
hot, and especially in a hot and moist, climate. The profuse 
perspiration explains their desire for water to drink. 

In the early experiments of Pettenkofer and Voit, already 
cited, it was shown that work did not raise the protein metab- 
olism even in starvation, and that the source of the power 
appeared to be the increased combustion of the non-nitrog- 
enous fat. 

In other experiments a slight rise in the nitrogen metab- 
olism, continuing into the day following work, has been noted. 
The protein metabolism, however, is not sufficient to yield the 
energy necessary for a hard day’s work. In the well-known 
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experiments of Fick and Wislicenus! the authors climbed the 
Faulhorn, in Switzerland, a mountain 1956 meters high. The 
product of their weight into the height to which they raised 
themselves gave them a close approximation to the amount 
of the work done. The experimenters took their last nitrog- 
enous food seventeen hours before starting on their walk. 
They climbed for six hours and collected the urine of this 
period and that of seven hours thereafter. Their results were 
as follows: 


URINARY 


N or 13. |Dynamic VALUE Woes HEIGHT oF Work IN 
Hours, or N in Ko. eae FAULHORN. Ko. 
RAMS. ; 
Ec leg ay a ee 5-74 63,378 66 1956 meters. | 129,006 
Wislicenus...... 5-54 61,280 76 TOSOGRE os 148,656 


The work accomplished represents three times the energy 
liberated from the protein metabolism of the time. The 
output of energy as measured above was not all the increase in 
the amount of mechanical energy during the period, for the 
heart and respiratory muscles acted with greater force, and 
energy was expended by swinging the arms and by friction on 
the road. 

The fact observed by Pettenkofer and Voit that protein 
metabolism may not be appreciably affected during mechanical 
work has been abundantly confirmed by Krummacher.2? A 
porter, weighing 79 kilograms, was given a diet containing 3700 
calories, 14.28 grams of protein nitrogen, and a large amount 
of carbohydrate. The man turned a dynamometer and 
produced 402,000 kilogrammeters of work. The slight 
increase in protein metabolism could have yielded but 3 
per cent. of the energy required for the work. Krummacher 
states that protein metabolism may increase during work only 
when the non-nitrogenous fat and carbohydrates become 


1 Fick and Wislicenus: ‘‘Myothermische Untersuchungen,”’ 1889. 
2? Krummacher: ‘Zeitschrift fiir Biologie,’ 1896, xxxiii, 108. 
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less available in metabolism. We have already seen that 
protein metabolism rises in the absence of carbohydrates. 
It may be that with the exhaustion of carbohydrates during 
exercise a period ensues when the loss of their influence leads 
to an increased protein destruction. The larger the quantity 
of carbohydrates given, the less marked would be this influence. 
It is interesting in this connection that soldiers when starting 
on a march may have a high respiratory quotient (indicating 
the combustion of carbohydrates), which falls at the end of 
the march (fat combustion) and which may remain lower than 
at first, even on a day following the march.!. The fact that 
mechanical work may be accomplished at the expense of an 
increased combustion of fat and carbohydrates should not 
cause one to forget that protein may become the sole source 
of energy in the body. It has already been shown that a 
fasting animal, after burning all his fat, may maintain his lifeon ~ 
protein alone (see p. 101), and that Pfliiger kept a dog in active 
condition on meat alone. As protein may yield 58 per cent. 
of sugar this substance may still be the principal source of 
energy. 

The following experiment not only indicates the fully 
proved point that muscular work does not increase protein 
metabolism, but it also shows that the character of ihe protein 
metabolism is unchanged by muscular activity. Shaffer? has 
given a man a diet which was free from purins and which 
contained only 5.9 grams of nitrogen. The individual spent 
the greater part of six days in bed as a rest period (I). He 
then occupied himself for five days with laboratory work, 
which gave a normal period (II). During a final period (ITI) 
of four days he worked in the laboratory and performed in ad- 
dition such mechanical work as that of walking 10 miles. 
The average of the analyses of the urines of the three periods 
are given below: 


1Zuntz and Schumburg: ‘Physiologie des Marsches,” 1gor. 
® Shaffer: “American Journal of Physiology,” 1908, xxii, 445. 
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UNCHANGED CHARACTER OF THE URINE AFTER MUSCULAR 


WORK 
Foon. URINE. 
PERIOD. Nitrogen as: Sulphur. 
nN, | Calor- |_-—AA a _-__. 
> Am- Crea- Uric 
Total. | monia. | tinin. | Acid. | Rest- | Total. 
eelvestasyeemny el 5-0) | 2300 |°4.77 | 0.35 | 0.605] 0.15 | 0.35 | 0.438 
II. Normal........| 6.0 | 3000] 4.40 | 0.38 | 0.60 | 0.106] 0.42 | 0.424 
phler WOnk em cts. ce, 5-9 | 3200 | 3.904 | 0.42 | 0.56 | 0.12 | 0.42 | 0.414 


Shaffer concludes that if sufficient food be allowed, an 
increase or decrease of muscular activity has no effect on pro- 
tein metabolism as indicated by the various quantities of 
nitrogenous end-products which appear in the urine. Shaffer 
agrees with Van Hoogenhuyze and Verploegh! that with ade- 
quate nourishment the creatinin elimination is unaffected by 
muscular work. 

Kocher? states that: doubling the heat production of the 
day as brought about by walking 60 kilometers (37.5 miles), 
z. e., from Munich to the Starnberger See and back, has little 
or no influence upon the protein metabolism of men, whether 
the diet consists of starch, sugar and cream, or of meat and 
fat without carbohydrates. 

Bornstein’ reports continual retention of fault protein 
during seventeen days’ work, at a time when only protein was 
administered. The quantity of protein given was large, 
containing 19.96 grams of N, and the daily work accomplished 
was moderate, being 17,000 kilogrammeters. The nitrogen 
retention amounted to 1.475 grams daily, or an addition of 800 
grams of “flesh” to the body in seventeen days. 

Loewy‘ reaches the same conclusion that long-continued 


1Van Hoogenhuyze and Verploegh: “Zeitschrift fiir physiologische 
Chemie,” 1905, xlvi, 415. 

2Kocher: “Deutsches Archiv fiir klinische Medizin,” 1914, cxv, 82. 

3 Bornstein: “Pfliiger’s Archiv,” 1901, lxxxiii, 540. 

4Loewy: “Archiv fiir Physiologie,” 1901, p. 299. 
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muscular exercise favors protein retention. This suggests the 
basis of muscular hypertrophy due to physical exercise. 

Large protein ingestion, however, is not apparently es- 
sential to the full maintenance of physical power. This has 
been shown by Chittenden,! who maintained soldiers and 
athletes in physical training for months at a time on diets 
containing between 7 and to grams of nitrogen, or about 
half what the average man takes if the question be left to his 
taste (see p. 338). 

It is evident that the power to accomplish muscular 
work is not usually derived from protein metabolism, but 
from the combustion of the non-nitrogenous sugar and 
fat. 

Therefore, physical exercise requiring fat consumption 
without concomitant destruction of protein must be of the 
greatest value in the treatment of obesity. 

The problem at once arises: What is the relative value of 
fats and carbohydrates as fuel for the production of mechanical 
energy by the body? 

Zuntz,? from experiments made by Heineman, calculates 
that when carbohydrates predominate in a man’s diet an 
amount of energy above the resting requirement is liberated 
which equals 9.33 calories for every kilogrammeter of work 
accomplished, whereas, when fat is given, 10.37 calories are 
liberated in the performance of the same amount and the same 
kind of work. The work was done by turning the wheel of an 
ergostat. Since one kilogrammeter is the mechanical equiy- 
alent of 2.35 calories, it is evident that 25 per cent. of the 
total excess of energy developed by work is convertible into 
mechanical effect, the balance being dissipated as heat. 
Similar experiments made by Zuntz on himself showed that 
9-39 and 9.33 calories of metabolism were liberated on a fat 
diet, 10.37 and 10.41 on a carbohydrate diet, when one kilo- 
grammeter of work was accomplished. 


1 Chittenden: “Physiological Economy in Nutrition,” 1904. 
2Zuntz: “Pfliiger’s Archiv,’’ 1900, lxxxiii, 557. : 
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There seems to be little difference in the efficacy of the 
body as a machine, whether fat or carbohydrates are used as 
fuel. 

Heineman! remarks that Chauveau’s idea that fat must be 
first converted into sugar before being available for mechanical 
work can scarcely be valid, for such a conversion of fat carbon 
into sugar would entail a minimum loss of 29 per cent. of the 
energy available for mechanical work. 

Atwater and Benedict? thought that they had confirmed 
these results, although, unfortunately, the diets provided were 
not strictly fat-protein and carbohydrate-protein, but were 
really mixed diets. 

Thus J. C. W., during two periods of twenty-two days each, 
ingested day by.day diets which produced the following 
metabolism as calculated from the body’s excreta: 


CALCULATED METABOLISM 


Periop I. Periop II. 
CARBOHYDRATE DIET. Fat Diet. 
PE OUCUl amen Vetere ctats.& chet tases 434 calories. 489 calories. 
AME ethos 8st tesla. eles 1288 6“ Shifejon 9% 
REAL DOUY ATALES 5 css, cet srs. aioe > epetrare ie TAO he mm 
Total metabolism....... 5003 5144 


The average of work accomplished and body heat evolved 
each day, as measured in the Atwater calorimeter, were as 
follows: 


WORK AND METABOLISM AS DIRECTLY MEASURED 


CARBOHYDRATE DIET. Fat Diet. 
Mechanical work........... 543 calories. ~ 550 calories. 
Body heat) 2 n. 6 ok. 4503“ 4555. wha 
Total metabolism....... 5136 5105 


The work was done on a stationary bicycle. It is evident that 
the work could not have been at the expense of protein metab- 


1 Heineman: “Pfliiger’s Archiv,” 1900, Ixxxili, p. 476. 
* Atwater and Benedict: “Experiments on the Metabolism of Matter and 
Energy in the Human Body,” 1903, U. S. Dept. of Agriculture, Bulletin 136. 
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olism; but it is also plain that the work could have been 
derived from carbohydrate combustion, even in the “fat” 
diet of Period II. 

These experiments, however, were the first to demonstrate 
exactly that mechanical work was done at the expense of a 
dynamic equivalent of metabolism—a splendid confirmation 
of the law of the conservation of energy. 

In one other experiment Atwater and Benedict calculated 
for J. C. W. a metabolism amounting to 9981 calories, divided 
as follows: Protein, 478 calories; fat, 7744 calories; carbohy- 
drates, 1759. The man worked for sixteen hours on the 
bicycle. The work done measured an equivalent of 1482 
calories; the body heat production was 7382 calories, both of 
which were measured in the Atwater calorimeter, and the 
total energy loss reached 9314 calories,! a height of metab- 
olism attained also by Maine lumbermen? actively employed - 
(see p. 348). 

Later work by Benedict and Cathcart’ includes an ex- 
periment on a professional bicycle rider who rode a stationary 
bicycle for four hours and twenty-two minutes, accomplishing 
208,000 kilogrammeters of work during this period, or nearly 13 
kilogrammeters per second. The work was the equivalent of 
more than a “century run,” or over 100 miles (161 kilometers). 
The subject rode to exhaustion. When lying ona couch before 
the experiment the basal metabolism of this man was 1.14 
calories per minute, the R. Q. was 0.85, pulse 63, and respira- 
tion 20 per minute. The basal value for the work experiment 
was ascertained by determining the heat production of the 
man sitting on the bicycle and revolving the wheel when it 
offered no resistance. 


1 The calories calculated from the metabolism and those directly measured 
by the calorimeter did not exactly agree in this particular instance—an exception 
in a brilliant series. 

2 Woods and Mansfield: U.S. Dept. of Agriculture, 1904, Bulletin 149. 

3 Benedict, F. G., and Cathcart: ‘Muscular Work,” Carnegie Institution, 
1914, Publication 187. 
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The following table presents the results: 


METABOLISM DURING A “CENTURY RUN” ON A BICYCLE 


Susyect, M. A. M.; WeicHT=65.9 KILocRaMs. 


9 9.45 10.30 IETS 12.00 | 12.45 | AVER- 
Time. A.M. | A.M. A. M. A.M. | NOON. | P. M. AGE. 
| 
Oe liters per minutes... .|' 1.07 | 1:05 || 1.07 | 1.95 | -2.00 | r.90 
RSMO se permeates es. a. + 0.00 | 0.91 | 0.89 | 0.89 | 0.97 | 0.88 | 0.91 
Bulsetate peter -c-.-|, 120 | 128-| 136 156 | 160 
Respiration rate.......... 30 32 30 36 36 
Work done per minute 
HCHIEIES Me ee oe ss TOO PION LOW 1 L.04. |) 1.02 |) 1273-1 105 
Mechanical efficiency (per 
EL a eases Sauk Bao 24-45 134.20 134.3 |3I.4. 130.4 
Calories per minute....... 9.66 | 9.58 | 9.65 | 9.54 |10.01 | 9.28 | 9.75 
Basal value* (calories)... . .| (3.89) | (3.89) | (3.89) | (3.89) | (3.89) 


* No load experiments, without motor. 


It is of great interest that the respiratory quotient should 
have remained at about 0.90 throughout the experiment, 
which indicated that the body’s glycogen was being used in 
goodly measure throughout the whole period. A calculation 
shows that 368 grams of glycogen must have been consumed 
during the time of the ride. The average respiratory quotients 
of thirty-four days of experimentation with this individual 
presents the following results: 


REst. Work. AFTER Work. 


LEON ipl elo OES RIC 0.85 0.88 0.78 


The lower respiratory quotient after mechanical work 
indicates the exhaustion of body glycogen. 

The production of 600 calories per hour is probably in the 
neighborhood of the highest possible maximum of human phys- 
ical capacity for sustained effort (see p. 431). ‘The mechanical 
efficiency of 33 per cent. is the same as that previously des- 
cribed by the Zuntz school for raising the body of an individual 
in mountain ascents. The leg muscles are, therefore, remark- 
ably efficient machines. 


21I 
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This work confirms that of Johansson,! that the subjective 
sense of strain or fatigue has no influence upon metabolism. 

Benedict and Cathcart further report a considerable in- 
crease in the basal metabolism obtained lying down after 
severe muscular work, the stimulating influence persisting for 
five or six hours. For example, a man whose basal metabolism 
was determined as 1.15 calories per minute rode a bicycle 
seventy-four minutes, doing work which was the equivalent of 
2.06 calories per minute. During four and a half hours of sub- 
sequent rest the basal metabolism was determined eight times, 
and gave values between 1.35 and 1.33 calories per minute in 
each instance. The rate of the pulse fell from 93 in the first 
observation to 75 in the last, that of the respiration from 
24 to 22. 

Mettenleiter? states that after hard exercise there is a fall 
in carbon dioxid tension in arterial blood lasting several days, © 
due to a long continuing slight acidosis (see p. 421). 

The stimulus to the increased metabolism is undoubtedly 
due to lactic acid. The rise in metabolism after giving 
alanin, which is convertible into lactic acid, is sufficient evi- 
dence that lactic acid stimulates metabolism (see p. 240). 

Barcroft® climbed a straight path to a height of 1000 feet 
(303 meters) in thirty minutes, a performance which involved 
only moderate effort. Observations of the carbon dioxid 
content of the alveolar air and the hydrogen ion concentra- 
tion of the blood gave the following results: 


COz IN 


ALVEOLI. _ Py or Boop. 
Mm. 
Normal |... tyson ieee cies nciernts 40 7.29 
After ascent ./o0.4.sfs Seneee cola rne s 35 7.09 


The difference in acidosis corresponds to an addition of 
0.023 per cent. of lactic acid to the blood. In another subject 

1Johansson: “Skan. Archiv fiir Physiologie,” r90r, xi, 273; Frumerie: 
Ibid., 1913, XXX, 400. 


2 Mettenleiter: ‘Deutsches Archiv fiir klinische Medizin,” 1915, cxvii, 517. 
3 Barcroft: ‘The Respiratory Function of the Blood,” 1914, p. 236. 


jt 
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(Roberts) who made the same ascent the amount of lactic acid 
necessary to reduce the alkalinity of his blood to the level 
actually found was estimated at 0.029 per cent., and the in- 
crease, as determined by analysis of the blood, amounted to 
0.032 per cent. Barcroft gives the following analysis of this 
state of affairs: During the ascent lactic and carbonic acids, 
and these only, were added to the blood. On account of the 
increased hydrogen ion concentration, the hemoglobin at a 
given pressure takes up oxygen less readily than usual and 
the respiratory center is stimulated. The increased respira- 
tions cause the excessive carbon dioxid produced to be expired, 
and not only the excess but somewhat more than this; the 
carbonic acid pressure in the alveolar air therefore falls. 
Lactic acid, however, is not got rid of so quickly as the carbon 
dioxid, and is retained. The increase in the hydrogen ion 
concentration of the blood causes a readier dissociation of the 
oxyhemoglobin contained in the large and quickly flowing 
volume of blood which passes through the capillaries of the» 
muscle. At the same time the increased ventilation of the 
lungs increases the oxygen tension in the alveoli, and, since the 
absorption of oxygen by the plasma is proportionate to the 
oxygen pressure, the decreased avidity of hemoglobin for 
oxygen caused by the increased hydrogen ion concentration is 
compensated for. 

The formation of lactic acid may be attributed to a local 
anemia during mechanical work. (See Chapter XV.) 

Brezina and Kolmer' report that the height of the initial 
respiratory quotients obtained during periods of mechanical 
work are proportional to the intensity of the work accom- 
plished. When 1.6 calories represented the total metabolism 
per minute the R. Q. was 0.83, and when the metabolism rose 
to 10 calories the R. Q. was 0.99. Formation of acid, with the 
consequent elimination of carbon dioxid from the blood itself, 
in part explains the high quotient obtained. Increased 
ventilation and carbohydrate utilization are also undoubtedly 


1 Brezina and Kolmer: ‘“‘Biochemische Zeitschrift,’ 1914, Ixv, 16. 
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contributory. An increased acid formation tends to cause the 
conversion of liver glycogen into sugar (see p. 421). 

Although from Zuntz’s work it seems proved that, in 
furnishing power for mechanical work, carbohydrates and fat 
are replaceable one for the other according to their dynamic 
values, there is a well-founded belief that work may be ob- 
tained in larger quantity from an individual if carbohydrates 
be available. 

Schumbur¢g! finds that ingestion of carbohydrates enables 
a fatigued muscle to contract more powerfully. Hellsten? 
states that in doing mechanical work in the morning before 
breakfast, an improved capacity occurs thirty to forty minutes 
after ingesting sugar. 

The ready exhaustion of diabetics who cannot burn 
glucose confirms this observation. 

Lee and Harrold* have found evidences of great fatigue in 
the excised muscles of a cat from which the readily com- 
bustible sugar had been removed by rendering the cat diabetic 
with phlorhizin. Another cat similarly treated, the body of 
which, however, had been flooded with sugar by ingestion 
before the animal was killed, showed a much larger capacity 
for muscular contraction. 

The writer? while injecting phloretin solutions into the 
jugular vein of fasting rabbits, diabetic through phlorhizin, 
noticed that seven out of eight rabbits had convulsions, while 
normal rabbits were not so affected. Four died and three lost 
motor control of the muscles of their limbs. In these three 
there was an increased glucose elimination in the urine on 
account of the passage of the glycogen content of the organs 
into the blood, which glycogen would normally be immediately 
available for muscular activity (p. 107). The animals which 
survived the convulsions regained control of their muscles 


1Schumburg: ‘Archiv fiir Physiologie,” 1896, P. 537: 

2 Hellsten: ‘“Skan. Archiv fiir Physiologie,” 1904, xvi, 139. 

* Lee and Harrold: Proceedings of the American Faycote es Society, 
“American Journal of Physiology,” 1900, Ry Op db S, 

‘Lusk: “Zeitschrift fiir Biologie,” 1898, xxxvi, 109. 
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in two to four hours. This indicates a slow preparation 
from fat of materials available for the production of muscle 
work. 

Schumburg! finds that coffee and tea have no recuperative 
power over the muscles of a fatigued organism except when 
taken with other foods, and that the stimulating action of al- 
cohol is only temporary. Hellsten,? exercising before break- 
fast, finds that the effect of taking tea is almost negligible, and 
that the effect of alcohol is at first to increase the muscle power, 
but that after twelve to forty minutes there is a decrease in 
power which lasts for two hours. No such depression occurs 
after taking sugar. It is obvious that alcohol is not beneficial 
when muscular work is to be accomplished. 

The carbon dioxid produced as a result of mechanical work 
is quickly eliminated through the lungs. Higley and Bowen? 
find that the increased elimination begins twenty seconds after 
the commencement of bicycle riding and reaches its maximum 
in about two minutes. At this point it remains constant from 
minute to minute, provided the same amount of work is done. 
This principle has been frequently demonstrated by Zuntz and 
his pupils. It is evident, however, that the quantity of carbon 
dioxid excretion for the unit of work accomplished will be less 
during starvation and on a fat diet than when carbohydrates 
are ingested, by reason of the higher heat value of fat carbon.‘ 

Johansson and Koraen® have caused a man to raise a 
weight of 21.7 kilograms 3 meter high, each movement last- 
ing one second, and there being in different experiments 300, 
600, 720, and goo movements per Hour. In the trained indi- 
vidual the quantity of increase in the carbon dioxid expired 
was exactly proportional to the number of the movements in 
the unit of time. The experiments were performed when food 
was absent from the intestines. 


1Schumburg: Loc. cit. 

? Hellsten: Loc. cit. 

3 Higley and Bowen: “American Journal of Physiology,” 1904, xii, 335. 
4 Johansson and Koraen: “Skan. Archiv fiir Physiologie,” 1902, xiii, 251. 
5 Johansson and Koraen: Zbid., 1903, xiv, 60. 
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It has already been shown (see p. 318) that 25 per cent. 
of the total energy of the increase above the resting metab- 
olism as caused by work is converted into mechanical energy 
by a person turning the wheel of an ergostat with his arms. 

Katzenstein! has shown a still more economical utilization 
of the fuel when the work accomplished is climbing, about 35 
per cent. of the total increase in metabolism being then con- 
verted into mechanical effect. Walking, the commonest mus- 
cular exercise, is accomplished with the greatest mechanical 
efficiency. 

A great many interesting details have been worked out in 
Zuntz’s laboratory by his pupils. The following epitome of 
long investigations shows the comparative energy equivalents 
necessary for dog, horse, and man to move 1 kilogram of 
body weight 1 meter with a given rapidity along a horizontal 
plane or to lift 1 kilogram of body weight 1 meter high.’ 
The experiments were made by placing the individual on a 
moving platform, the speed and incline of which could be 
varied. 

A study of the table on p. 327 will show that it requires 
much less energy for a horse to move 1 kilogram of his weight _ 
1 meter horizontally than for a dog to do the same at the 
same velocity. It also appears that a man of small weight 
requires more energy to a unit of substance than a man of 
large size. ‘This rule has been confirmed in dogs by Slowtzoff,’ 
who shows that energy amounting to 0.529 kilogrammeter 
is required for 1 meter horizontal motion by a dog weighing 
37 kilograms, and 1.138 kilogrammeters by a dog weighing 
5.5 kilograms. Slowtzoff does not find that this variation is 
proportional to the skin area of the animal. 

The table also shows that there is little variation in the dog, - 
horse, and man in the amount of energy necessary to raise 1 
kilogram of body substance 1 meter high: 


1 Katzenstein: ‘‘Pfliiger’s Archiv,” 1891, xlix, 379. 
? Frentzel and Reach: Jbid., ro01, Ixxxili, 494. 
3 Slowtzoff: Ibid., 1903, xcv, 190. 
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ENERGY REQUIREMENTS OF DIFFERENT ANIMALS IN PER- 
FORMANCE OF THE SAME AMOUNT OF MECHANICAL WORK 


ENERGY REQUIREMENT 
tN Krtocrammeters. |VELOCITY IN| wore oF 
METERS |Roap IN PER 
ANIMAL WEIGHT res 7 | Sere. Due: 
* |For Moving! For Raising |Horizontat| ING CLIMB- 
Ee coheed ste : Moves ae 
: t p . 
I Meter SHigh? ee 
DO Siege re eo tans 26.9 0.405 2.954 |) 
13) Fess eo Ne ae 26.9 0.501 3.259 78.57 lige 
EIOESO CR iia st tetics cre See's 456.8 0.137 2.912 78.57 10.3 
55:5 0.334 2.857 74.48 9.6-13.3 
72.9 0.217 3.190 71.32 6.5 
67.9 0.211 3.140 71.40 ‘ 
80.0 0.288 3.563 51.23 3 
WVU ATIe eee ie sa ia\eis 20 6): 88.2 0.263 3.585 42.34 30.7-62. 
72.6 0.284 2.913 62.04 
81.1 0.231 2.921 60.90 | }23-30.5 
Man. 80.0 0.244 2.720 56.54 
F. 
Normal locomotion... . . 86.5 0.219 | 66.94 
F. 2.746 
Slow locomotion... .... 86.5 0.233 {J 35.92 
R. +233 
INGA earl yale tars ducts « 65.8 0.230 | 63.95 
R. 2.846 
She Ae boosts aererie 65.8 0.251 |] 34.58 


It is possible to calculate the food ration for a march if the 
figures given in the table be employed. If it be assumed that 
a man weighing 70 kilograms travels 74.4 meters a minute, he 
will accomplish 4.46 kilometers or 2.7 miles per hour. If it 
requires the energy equivalent of 0.217 kilogrammeter to 
move 1 kilogram of his weight 1 meter, it will require 67,747 
kilogrammeters (0.217 X 70 X 4460) to move him 4.46 kilo- 
meters—67,747 kilogrammeters being equivalent to 159.205 
calories. This is the equivalent of 17.1 grams of fat, which 
may be added to the maintenance resting dietary requirement 
to supply the energy necessary for an hour’s quiet walk on a 
level road. If the road be inclined so that the man raises 
himself 500 meters during the hour’s walk, the metabolism will 
be still further increased. The work of ascent will be his 
weight multiplied by the height of his climb, or 35,000 kilo- 
grammeters. The expenditure of energy by the body in order 
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to accomplish this work is threefold the work done, or 105,000 
kilogrammeters, which equals 246.75 calories, or 26.5 grams of 
fat. The hour’s walk in this case would require the produc- 
tion of an energy equivalent, above the resting metabolism, 
amounting to that contained in 43.6 grams of fat—that is, 
17.1 grams for a forward locomotion of 4.46 kilometers and 
26.5 grams to lift the body to an altitude of 500 meters. 

In the last-mentioned table it is seen that there is an in- 
crease in the metabolism for a unit of horizontal motion when 
the progress of the individual is very slow. ‘This is explained 
by the fact that speed of progress.was half the normal, was 
unusual, and forced. 

Later work has confirmed the results above enumerated. 
Thus, Brezina and Reichel! find that a man walking on a 
horizontal plane at a rate not exceeding 80 meters in one 
minute (3 miles per hour), a rate which they denote as the 
maximal economic velocity, requires 0.5 calorie of energy 
(= 0.213 kilogrammeter of work) to move 1 kilogram of 
weight 1 meter, and this rule also applies to weights carried 
up to about 20 kilograms. This load is about that carried by 
a soldier. With weights heavier than this there is a slight 
increase in the quantity of energy required when the individual 
labors within the limits of the maximal economic velocity. 
When, however, this velocity is exceeded the expenditure of 
energy for more rapid walking increases rapidly, and with 
especial sharpness when heavy loads are carried. A part of 
the figures is given in the following table: 

THE INFLUENCE OF VELOCITY AND OF LOAD IN HORIZONTAL 

WALKING UPON THE AMOUNT OF ENERGY IN GRAM- 


CALORIES NECESSARY TO MOVE 1 KG. OF WEIGHT THROUGH 
1 METER OF DISTANCE 


Distance In | Muzes Loap Loap Loap Loap Loap Loap 
METERS PER PER Equats | Equats | Equats | Equats | Equats | Equals 
MINUTE. Hovr. 3 Ke. 14 Ke. 24 Ke. 36 Ke. 46 Ke. 56 Ke. 


44.7— 49.7 1.8 0.48 0.48 0.57 0.50 0.58 0.50 
68.9- 73-3 2.4 0.60 0.47 0.52 0.53 0.58 | 0.59 
89.9- 92.0 3.4 0.57 0.62 0.59 0.64 0.81 0.77 
I11.4-118.1 4.3 0.77 0.93 0.91 0.91 

141.0 5:3 0.93 


1 Brezina and Reichel: ‘Biochemische Zeitschrift,’ 1914, lxiii, 170. 
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Benedict and Murschhauser' have arrived at essentially the 
same results as those given above as regards the energy 
requirement involved in horizontal walking, and they further 
note that running at the rate of about 5.3 miles per hour is 
accomplished more economically than walking at the same 
rate. Their results may be summarized as follows: 


Gram-CALORIES 


DISTANCE IN METERS FOR HorIzONTAL 
PER MINUTE. Kitocram 1 METER. 
| 71.5 0.493 
AW Aen Pt ae Peres. osasls hele ceyeiw iene so ght 106.3 0.585 
(i441 0.932 
RII IATALIV Merny etors ey eiste se ai gee sectarian teres 147.5 0.806 


The total heat produced when walking at the higher speed 
was about 600 calories per hour, or about that of the same 
individual (M. A. M.) when he rode a bicycle, as already 
described (p. 321). At the lower speed it was found that 
the process of walking involved a total lifting of the body 
weight from the ground, amounting approximately to a height 
of 4 meters per minute. The energy necessary to do this 
would account for 25 per cent. of the total energy utilized in 
the muscular complex thrown into action for the purpose of 
forward progression. 

The generalization of Brezina and Reichel is that within 
the limit of economic maximal velocity the energy requirement 
of the organism approximates a constant minimum value, 
which is 0.5 gram-calorie for the forward movement of 1 
kilogram of weight 1 meter horizontally. With each meter 
of velocity above 80 meters per minute the requirement of 
energy increases 1 per cent. of the initial minimal value. 
When medium loads (20 kg.) are carried the metabolism in- 
creases 2 per cent., and with heavy loads 3 per cent., of the 
minimal value, per each added meter of velocity above 80 
meters per minute. 

The rule is that the metabolism increases with speed in 


' Benedict, F. G., and Murschhauser: “Energy Transformations During 
Horizontal Walking,” Carnegie Institution, Publication 231, rors. 
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horses (1.03 per cent. per meter increase above 78 meters per 
minute), but this is not seen in dogs.! 

Brezina and Reichel? continued their researches by de- ° 
termining the effect of the gradient of the pathway upon the 
metabolism of man when walking and carrying different 
loads. It was found that the maximal work of lifting the body 
with its load was accomplished at a minimal expenditure of 
energy when the incline was 20 per cent. and the weight of the 
load 19 kilograms. However, when walking on inclines 
with gradients of 10 or 40 per cent., the energy figures were 
only slightly above the minimal values and the load also made 
no essential difference. The authors found that to raise 1 
kilogram of body substance plus the load carried, required 
between g and 1o calories of energy of metabolism. This 
represents the conversion of about 25 per cent. of the energy 
of metabolism into mechanical work. Weights between 3 and 
56 kilograms were raised at expenditures of energy ec 
proportional to the work accomplished. 

Katzenstein® finds that the metabolism during the descent 
of a mountain is less by ro per cent. than the increase caused 
by walking on a level surface. The muscles which act to 
inhibit a too rapid descent are not required to be so act- 
ive as those which give forward impetus to the body on a 
level road. 

This idea has been still further investigated by moun- 
taineers,4 who compared the actual heat production with 
the energy of metabolism during one minute for horizontal 
motion and for ascent and descent of a mountain path which 
had a 25 per cent. incline. The results were as follows: 


Ascent, 28.8 ] HorizontTat, DESCENT, 

ETERS. 100 METERS. 76 METERS. 
Calories of energy of metabolism........ 60.3 67.8 40.8 
Calories of heat liberated. Sep sncc e+ 40.0 67.8 85.5 


1Zuntz: ‘Pfliiger’s Archiv,” 1903, xcv, 192. 


2 Brezina and Reichel: Pearcy Zeitschrift,” 1914, Ixv, 35. 

3 Katzenstein: Loc. cit., p. 3 

4Zuntz, Loewy, Miiller, and Caspar: “Hohenklima und Bergwanderungen 
in ihrer Wirkung auf den Menschen,” 1906. 
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The smallest liberation of heat occurred during the ascent 
of the mountain at the time when the energy of metabolism 
was being converted into energy of position. 

The largest heat production occurred during the descent of 
the mountain. The metabolism was the least, but energy of 
position was converted into heat through the vibration of the 
body at each footfall. | 

Zuntz and Schumbur¢g! find an increase in the metabolism 
of a marching soldier if the knapsack be badly eae or if 
the body be sore and weary. 

Lavonius? finds the maximum amount of work attainable 
by a trained wrestler of great reputation to be the equivalent 
of 30 kilogrammeters per second. 

Details of the effect of position upon the metabolism of 
individuals have been repeatedly published by Benedict and 
his pupils. Perhaps the most interesting of these studies may 
be taken from the work of Benedict and Murschhauser* upon 
the basal metabolism of the professional bicycle rider, M. A. M. 
The results may thus be summarized: 


CALORIES PER 


PosITIon. MINUTE. PULSE-RATE. 
Lying (basal metabolism)...............-.-.- 
RIELITIS Neer erik Marah exes Remeber tas fe hs. sans : 61 
Standing, relaxed 5.2... x oe eraietensra's' oT 80 
mlanaine, Nac Obestatheuw...> -eeteettita ss so : 80 
Standing, leaning on support 78 
MLANGIne attention’ 7 Sco che tee eens sa das : 73 


Standing. Swinving. atmS™..\.2eacecea cee. ss 
* As in rapid walking. 


A subject of very great interest is the result of training. It 
is well known that if a cobbler, for example, be removed from 
his trade and be compelled to climb a mountain, he will at first 
be of little use as compared with a Swiss guide. But after con- 
tinued practice the blood-vessels dilate at once in response to 
the needs of the muscles and the heart expends less energy; 
unnecessary motions with the arms and legs are diminished in 


1Zuntz and Schumburg: ‘Studien zu einer Physiologie des Marsches,”’ 
Berlin, 19Or. 
?Lavonius: “Skan. Archiv fiir Physiologie,” 1905, xvii, 196. 
3 Benedict and Murschhauser: Loc. cit. 
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number; the strain for the accomplishment of a given piece 
of work diminishes; the thorax enlarges to promote readier 
respiration; the man becomes “trained,” and there is a les- 
sened metabolism for the fulfilment of a definite amount of 
work. 

The experimental measurements of the efficacy of the 
working organism as described above were made on well- 
trained men, a difference on account of training having been 
early recognized by Zuntz. 

Biirgi! made some investigations upon an individual before 
and after training for mountain climbing. The ascents were 
made at different altitudes on the roadbed of mountain rail- 
ways, and the carbon dioxid elimination was measured. The 
results are shown in the following table: 


EFFECT OF TRAINING ON METABOLISM 


COz EXCRETION PER Kom. OF 
INCLINE OF 
PLACE. Aces ua) ROAD IN PER 
- CENT. 
UNTRAINED. TRAINED. 
Brienz.n eee eee 620 17.29 2.430 2.103 
Gomercrati sere 2087 Tou 2.711 2.268 
Brienz-s.7. an eee 690 19.0 2.251 2.063 
Gomenfrat. ances 3021 19.3 2.445 2.117 


It is evident from this that a trained mountaineer accom- 
plishes his work at the expense of less metabolism than does the 
untrained. Also that at a moderately high altitude (3000 
meters = 522 mm. of mercury, barometric pressure) the 
trained organism is as efficient for mechanical work as at the 
sea-level, whereas the untrained man required a much greater 
metabolism to accomplish a unit of work at the higher altitude 
than at the lower. 

Another fact of importance is that the effect of training 
especially affects the muscles involved in the particular move- 
ment, and not those which do not contract. Thus Zuntz? 


1 Biirgi: “Archiv fiir Physiologie,” 1900, p. 509. 
2Zuntz: “Pfliiger’s Archiv,” 1903, xcv, 200. 
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found that a dog trained for horizontal motion on a level street 
required 1179 small calories to move 1 kilogram body weight 
1000 meters and 7.668 small calories to raise 1 kilogram body 
weight 1 meter high. The dog was then gradually trained to 
ascend an incline.. After two years he required only 5.868 
small calories to lift 1 kilogram 1 meter, but he required 
1343 small calories per kilogram for horizontal locomotion 
through 1000 meters. Therefore the specifically trained 
muscles work more economically than those which are at the 
time but little used. 

A man trained for mountaineering will often find himself 
uncomfortable when walking on a level road. The moun- 
taineer will not find the bicycle an easy means of locomotion,! 
nor will the bicylist unscathed essay the mountain. 

A benefit derived from riding a horse is the shaking of the 
internal organs, which is also achieved by descending a steep 
pathway. This may be beneficial to the life processes in such 
a comparatively immobile organ as the liver for example. It 
also appears to promote a freer evacuation of the bowels. 

In swimming there is considerable respiration gymnastics.” 
The water pressure upon the thorax is the equivalent of the 
weight of an 8-kilogram sand-bag, which the swimmer seeks to 
counterbalance by increasing the pressure in his lungs through 
puffing with his lips. By turning over on the back the swim- 
mer removes this respiratory influence. Cold water stimu- 
lates metabolism (p. 144), but the effect of the salt in ordinary 
sea water is certainly negligible. __ 

There can be little doubt that exercise, especially in the 
open air, strengthens the organism and therefore tends to 
prolong life. Sometimes muscular exercise is mistakenly 
considered as favoring intellectual activity. Yet college 
presidents are not selected from the ranks of prize-fighters. 

1 Concerning energy expended in bicycle riding see Berg, Du Bois-Reymond, 


and L. Zuntz: “Archiv fiir Physiologie,’ Supplement, 1904, p. 20. 
2 R. Du Bois-Reymond: I[bid., 1905, p. 253. 


CHAPTER XII 


A NORMAL DIET 


THE principles of metabolism have been sufficiently ex- 
plained in the foregoing chapters to make it possible to under- 
stand the basis of a diet which shall be physiologically rational. 

It has been seen that the average starvation metabolism 
of a vigorous man at light work and weighing 70 kilograms 
approximates 2240 calories, or 32 calories per kilogram. It is 
obvious that this quantity of energy must be contained in 
the daily food, and a little more to counterbalance the “‘specific 
dynamic” or heat-increasing power of the food-stuffs, if the 
individual is to be maintained in calorific equilibrium. It has 
been seen that when an average mixed diet is ingested the 
maintenance requirement is between 11.1 and 14.4 per cent. 
above the starvation minimum (p. 239). This would amount 
to from 2488 to 2562 calories, or from 35.5 to 36.6 calories per 
kilogram of body weight in the case of the individual just 
referred to. 

Rubner' is authority for the following table, which indicates 
the energy requirement of men of various weights while doing 
light work: 


WEIGHT > AREA IN CALORIES OF CALORIES 
IN Ke. So. M. METABOLISM. PER Ko. 
BO wn ieiFok resus deere reas 2.283 2864 35.8 
DOW soos dker's, Sate cal Oee cues ecarogs 2.088 2631 S77 
GOs oc cuik nga aee.e eee 1.885 2368 30.5 
LX Meet ooh crnan aciene. gs 1.670 2102 42.0 
AO’ abs Soa eee 1.438 1810 45.2 


Since man through clothing shuts himself off from the 
reflex action of cold on the skin, the greatest factor which 
tends to increase his metabolism is mechanical work, and the 


1 Rubner: von Leyden’s “Handbuch der Ernahrungstherapie,” 1903, Bd. i, 
p. 153- 
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total amount of calories required is here dependent on the 
kind and the amount of the work accomplished. The re- 
quirements in this regard have already been discussed. 

A point of great interest is that of the proper proportion in 
which the individual food-stuffs should be put together in 
making up a ration. 

Voit defines a food as a well-tasting mixture of food-stuffs 
in proper quantity and in such a proportion as will least 
burden the organism. What is the proper proportion? 

Voit! gives the following ration for the use of an average 
laborer, such as a soldier in a garrison—that is, for a man at 
work from eight to ten hours a day: Protein, 118 grams; car- 
bohydrates, 500 grams; fat, 56 grams. This diet contains 
3055 calories. 

Such a ration means the food actually ingested. It is also 
assumed that the food-stuffs are administered in a digestible 
form, and are therefore completely assimilable. It has already 
been pointed out in the Introductory Chapter that the feces 
contain no undigested protein when good food is given. It 
is, therefore, fallacious to deduct the nitrogen of the feces from 
the nitrogen of the ingesta in order to determine the amount of 
protein assimilated. Fecal nitrogen plus urinary nitrogen 
together represent the waste of assimilable protein nitrogen 
(see p. 47). 

The allowance of 118 grams of protein has provoked much 
discussion. The original figures were obtained by Voit by 
averaging the protein ‘metabolism of many laboring men. 
This requirement of protein was therefore obtained by the 
statistical method, which simply showed what the average 
laborer in habit consumed. For the same class of artisan the 
diet given by Rubner calls for 127 grams of protein; by At- 
water, 125 grams; and Lichtenfelt? confirms Voit’s average as 
being the quantity of protein taken by laborers in northern 
Italy. 


1Voit: ‘Physiologie des Stoffwechsels,” 1881, p. 519. 
? Lichtenfelt: ‘“Pfliiger’s Archiv,” 1903, xcix, I. 
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For men at hard labor, such as soldiers in the field, even 
higher quantities of protein are commended—by Voit, 145 
grams; by Rubner, 165 grams; by Atwater, 150 grams. These 
figures again are based on statistics. Woods and Mansfield! 
found that the average protein in the ration of fifty lumber- 
men is 164 grams. 

In striking contrast to this Sivén,? at the age of thirty-one 
and a half years and weighing 65 kilograms, finds he can main- 
tain himself in nitrogen equilibrium for a short period on a diet 
containing between 4 and 5 grams of nitrogen, or 25 to 31 grams 
of protein. In fact, in one experiment the food contained 4 
grams of nitrogen, of which 2.4 grams only were in 15.4 grams 
of true protein and the balance in amino-acids and other nitrog- 
enous non-protein matter of vegetable origin. Here nitrogen 
equilibrium was nearly attained, the nitrogen ingested being 
4, and that excreted 4.28 grams. The food given, which was 
rich in carbohydrates, contained 2717 calories, or 43 calories 
per kilogram, and the total metabolism, as estimated by res- 
piration experiments, indicated a heat production of 2082 or 
32 calories per kilogram. Here was practically nitrogen 
equilibrium maintained at the minimum level, and a low 
total metabolism which was largely at the expense of carbo- 
hydrates. 

It will be recalled that the quantity of nitrogen in the urine 
in the average fasting man who has been previously well nour- 
ished is ro grams, a minimum which is reducible only by carbo- 
hydrate ingestion. 

The experiments of Sivén did not satisfy people that a low 
protein metabolism was compatible with continued health and 
strength. Munk?* and Rosenheim‘ both found that dogs given 
a quantity of protein sufficient only to maintain nitrogen 
equilibrium gradually lost strength and became afflicted with 


1 Woods and Mansfield: ‘Studies of the Food of Maine Lumbermen,” 
U. S. Department of Agriculture, 1904, Bulletin 140. 

2 Sivén: “Skan. Archiv fiir Physiologie,” 1901, xi, 308. 

3 Munk: ‘Archiv fiir Physiologie,” 1891, p. 338. 

‘Rosenheim: Ibid., p. 341. 
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digestive disturbances. These experiments fortified the idea 
of the benefits to be derived from a diet containing more 
‘protein than was necessary for the maintenance of nitrogen 
equilibrium—a /uxus consumption. Rubner declared that a 
large protein allowance is the right of civilized man. 

The tradition that a continued liberal allowance of protein 
in a diet is a prerequisite for the maintenance of bodily vigor 
has been dispelled by Chittenden! and his co-workers, of whom 
Mendel is the most prominent. 

Professor Chittenden had suffered from persistent rheuma- 
tism of the knee-joint, and determined on a course of dieting 
which should largely reduce the protein and the calorific intake. 
The rheumatic trouble disappeared, and minor troubles, such 
as “sick headaches” and “‘bilious attacks,”’ no longer recurred 
periodically as before. ‘There was a greater appreciation of 
such food as was eaten; a keener appetite and more acute taste 
seemed to be developed, with a more thorough liking for simple 
foods.” During the first eight months of the dieting there 
was a loss of 8 kilograms of body weight. Thereafter for nine 
months the body weight remained stationary. ‘Two months 
of the time were spent at an inland fishing resort, and during a 
part of this time a guide was dispensed with and the boat rowed 
by the writer frequently 6 to 10 miles in a forenoon, some- 
times against head winds (without breakfast), and with much 
greater freedom from fatigue and muscular soreness than in 
previous years on a fuller dietary.” 

During the period of nine months the nitrogen of the urine 
was determined daily. The average was 5.69 grams. During 
the last two months and a half the average elimination was 
5.40 grams for a body weight of 57.5 kilograms. Experiments 
showed that about 1 gram of nitrogen was eliminated in the 
feces and that nitrogen equilibrium could be maintained with 
dietaries of low calorific values (1613 and 1549 calories = 28 
and 27 calories per kilogram) containing 6.40 and 5.86 grams of 
nitrogen. These figures correspond to diets containing 40.0 to 


1 Chittenden: “Physiological Economy in Nutrition,” 1904. 
22 
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36.6 grams of protein instead of the 118 grams honored by 
habit and tradition. Professor Chittenden proclaimed such a 
diet as of the highest importance to health. 

The case of Chittenden recalls a note from an early con- 
vert to the ‘‘“Graham system” of vegetarianism. Sylvester 
Graham, in 1829, began the advocacy of moderation in the use 
of a diet consisting of vegetables, Graham bread (made of 
unbolted flour), fruits, nuts, salt, and pure water, and exclud- 
ing meat, sauces, salads, tea, coffee, alcohol, pepper, and mus- 
tard. The letter reads as follows:! ‘“The first three months of 
my experiment on the Graham system was attended by a 
loss of 20 to 30 pounds of flesh. Some of my neighbors 
expostulated with me—told me I should destroy myself by 
starvation, and it was even reported in a neighboring town 
that I had actually died from that cause. But my appetite was 
increasingly good and my health was increasing, and in a short ~ 
time my headaches, colds, costiveness, and rheumatism left 
me entirely, together with my hypochondriacal and gloomy 
state of mind, and have not returned since, notwithstanding 
I have been as much exposed to wet and cold as at any period 
of my life.” 

Chittenden’s experiments were not confined to an indi- 
vidual nor to a single group of individuals. Other experi- 
ments were made on professional men, on student athletes in 
training, and on soldiers under military régime. The daily 
nitrogen in the urine in periods extending from five to nine 
months averaged as shown in the table on p. 339 in the indi- 
viduals belonging to the three groups. 

At convenient periods during the experiments it was deter- 
mined that the body was being maintained in nitrogenous 
equilibrium on the diet which gave rise to the stated amounts 
of urinary nitrogen (see p. 279). 

The professional group alleged a greater keenness for its 
work, the athletic group won championships in games, and the 


1 Charles Clapp: “The Graham Journal of Health and Longevity,” Boston, 
1837, i, 57. 
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soldiers maintained perfect health and strength, many profess- 
ing repugnance to meat when they were allowed it after five 
months of practical abstinence. 


PROFESSORS AND TEACHERS. UNIVERSITY ATHLETES. UNITED STATES SOLDIERS. 


|| 

Nin Nin | N in 

Weight in Kg. | Urine in G.|| Weight in Kg. | Urinein G.|| Weight in Kg. Urine in G. 
ROS re tc asta 5-69 SN Ostoraketet ys Grey? || eonSato occ 7.42 
Orne st.) Fe 6.53 (ay P(0 BE eer TO.4T | 59.--++++s-ee, 7.03 
OSlOscnaccc se 7.43 toh Oh, See RIOR 8.88 Yo ei so oreo nae gee 7.26 
(Ve Risen sea 8.99 Se a oc 9.04 ROR REI wetontns 8.17 
Tash stssoistae 8.58 D210 ae onal 7.47 OOF mere | Nereis: 8.39 
Pies d ofetenrct ielstoton || Sac see eee ene |i ek: 
VE Mohan tact COLOO MIS Lahrer a sicteit aietay? 8.91 
TL Stee Oty? ECON IL 7 2)tg he cote yaan'ra ia 7.84 
WOtrme eats, Se sas 8.05 
SO rere breccia ert 7.38 
TL Pao Patan ete: 8.25 
OS Pervter aan reh a 8.08 
HY Soba renee 8.61 


Although it is possible that the alleged improved mental 
condition! may have been due to suggestion (p. 486), still the 
fact remains that it has been proved by Chittenden’s work 
that the allowance of protein necessary for continued health 
and strength may be reduced during many months to half or 
less of what the habit of the appetite suggests. 

It remains to be seen whether this quantity of pxotein in 
the ration, which is not greater than the body would metab- 
olize in starvation, is advisable as a program for the whole of 
one’s adult life. 

The foods with the strongest flavors are meats, which there- 
fore add relish to a repast and stimulate the digestive secre- 
tions. 

Chittenden believes that the large quantity of protein in 
an ordinary diet is due to self-indulgence. He protests against 
such indulgence, and thinks that a needless strain is thereby 
imposed upon the liver, the kidneys, and other organs con- 

1 Chittenden: Loc. cit., p. 51. . 
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cerned in the transformation and elimination of the end- 
products of protein metabolism. 

Another advocate of a low protein dietary has arisen in 
the person of Hindhede,! who advocates as ideal a diet consist- 
ing of bread, potatoes, and fruit, together with a small quantity 
of milk when this latter is obtainable. It is avowedly a “‘back- 
to-the-farm” dietary. Splendid health, both of body and 
mind, and the peasants’ comparative immunity to indigestion, 
kidney and liver disease, to diabetes, as well as an absolute 
immunity to gout, is the alluring prospect held out by the 
following dietary: 


Graham ‘bread, Ries saeco alae ne eee 500 grams. 
Potatoes vi.tsn katy sachsen epee cle ties tae ceteren ine Iooo. 
Vegetablesmargarme ms: : cjeee ite ete 150 sac 
Appless ouicts) tore crim nie cits Stee eee Goo 
Maley oo. eal teetpie aieiels eis ele Ghoteereaeinte oe eee 500 C.C 


Such a diet gives a urine which dissolves uric acid readily, 
the addition of the apples appreciably increasing this power. 
Hindhede also states that the ingestion of 5 kilograms of 
tomatoes with 600 grams of Graham bread and 150 grams of 
margarin daily for four days also produces a urine having a 
good solvent power over uric acid. 

In analyzing the effect of the factors of the bread-potato- 
fruit diet Hindhede found that an exclusive bread diet gave 
a urine which exhibited a strong tendency to deposit uric acid, 
and notes that the Russian peasant, who works fourteen to 
sixteen hours daily and lives almost exclusively upon bread, 
frequently has gravel. On the other hand, potatoes when 
ingested yield a urine which is very slightly acid, often on 
the border-line of alkalinity, and one which has a very great 
solvent power over uric acid. 

It is a curious fact that the potato, long proscribed by 
many physicians, has decided therapeutic value. Some one 
has remarked, “One meets the potato today in the very best 
circles.” 


1 Hindhede: ‘‘Skan. Archiv fiir Physiologie,” 1912, xxvii, 87. 
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Hindhede! reports the following results upon the daily 
nitrogen balance after giving various forms of bread during 
periods of eight days: 


In Diet Weer 
a 
CALoRIES Grams, Coin ait 
Schwarzbrot 1000 g. + fat 120g...... 3200 12.1 +0.3 
White bread o00g.-+ fat 120g...... 3640 13.2 +0.6 
Rye bread 1000 g. + fat 135 g...... 4000 12.8 —1.7 
Graham bread 1ooo g. + fat 140 g...... 3800 15.1 +0.4 


These results show a favorable utilization of bread protein. 

Concerning the utilization of potato protein Hindhede? 
reports the following remarkable experiment: An individual 
partook of a diet of 2 to 4 kilograms of potatoes with some 
margarin daily during a period of nearly three hundred days. 
The potatoes were well boiled in water and the water in which 
they were cooked was drunk on account of valued salts therein 
contained. The rule was to eat only when hungry. Potatoes 
could be eaten at the rate of too grams in four minutes. 
Stools were passed once every three or four days, but there was 
no constipation. During a period of one hundred and seventy- 
eight days 6.05 grams of nitrogen and 3725 calories were con- 
tained in the daily diet, and there occurred an average daily 
loss of body nitrogen of 0.42 gram. During a second period 
of ninety-five days, when mechanical work was performed, 
there were 8.45 grams of nitrogen and 4900 calories in the 
daily diet and the daily loss of body nitrogen was 0.36 gram. 
During these ninety-five days the food supply consisted of 
350 kilograms of potatoes and 22 kilograms of fat taken in 
the form of margarin. = 

Hindhede states that he ‘feels weak” after taking much 
meat. 

One may pass now to the other side of the story. 

Lichtenfelt? shows that while there is no statistical 
difference in the height of individuals as due to occupation, 
still the people of southern Italy are not so large nor so well 

1 Hindhede: “Skan. Archiv fiir Physiologie,” 1913, xxviii, 165. 


2 Hindhede: Jbid., 1913, xxx, 97. 
3 Lichtenfelt: ‘“Pfliiger’s Archiv,” 1905, cvii, 57. 
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developed physically as their fellows of northern Italy. He 
explains this stunted growth as due to a low protein and cal- 
orific intake in the food. 

Albertoni and Rossi! describe how the poorest Italian 
peasants in southern Italy live on cornmeal, green stuffs, and 
olive oil, and have done so for generations. There is no milk, 
cheese, or eggs in their dietary. Meat in the form of fat pork 
is taken three or four times a year. Cornmeal is taken as 
“polenta,” or is mixed with beans and oil, or is made into corn- 
bread. Cabbage or the leaves of beets are boiled in water 
and then eaten with oil flavored with garlic or Spanish pepper. 
The average elimination of urinary nitrogen of 13 persons in 
three families when taking this diet was for men 8.1 and for 
women 6.7 grams of nitrogen daily. The investigators, 
furthermore, considered a family of 8 individuals of whom 
2 were children. The annual income was 424 francs or $84. 
Of this, 3 cents per day per adult was spent for food and the 
remaining 2 cent daily was spent for other purposes. The 
addition of 100 to 200 grams of meat daily to the diet of each 
of these individuals increased their muscular power, and the 
investigators believed that such an addition was essential to 
mental health as well. 

The position of the food extremists was powerfully at- 
tacked by Rubner,? whose general tone was in advocacy of 
variety in the dietary of man in accordance with the then 
prevailing habits and certainly without attempting to conform 
to a protein minimum. Since the outbreak of the war, with 
the food restrictions which have accompanied it, Rubner has 
become convinced that a restricted protein dietary is without 
harmful influence. This information has been given the 
author through a reliable source. For Rubner’s ideas of 
practical food reform see p. 570. 

Hirschfeld? finds that the actual ration of a German soldier 

1 Albertoni and Rossi: “Archiv fiir experimentelle Pathologie und Pharma- 
kologie,”’ 1908, Supplement, p. 209. 


2Rubner: “Ueber moderne Ernahrungsreformen,” Berlin, 1914. 
3 Hirschfeld: “Archiv fiir Physiologie,” 1903, p. 380. 
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contains 98 grams of protein, with no untoward results. He 
states that writers on economics, who believe the German 
populace underfed because they do not have 118 grams of 
protein daily, are unduly pessimistic. 

Although, as has been stated, the battleground has been 
over the allowance of 118 grams in Voit’s dietary, it will be sur- 
prising to many to learn that Voit himself said little on the 
subject. He! showed that a vegetarian can live in nitrogenous 


equilibrium on a diet containing 48.5 grams of protein and 


that an active working man weighing 74 kilos may get along 
on less than 118 grams. He discouraged the tendency to eat 
meat in excess. He also discouraged the practice of vege- 
tarians who overload the digestive tract with the coarser kinds 
of vegetable foods which leave large indigestible residues. 

It is not to be denied that 50 grams of protein (containing 
8 grams of nitrogen) are apparently able to maintain the adult 
body machine in perfect repair. Vegetarians, fruitarians? 
(who live on fruit and nuts), and vigorous adults, who largely 
exclude protein from the diet, are evidently able to live in 
health and strength upon this quantity. It must be, however, 
that more than this amount is advisable during growth or 
convalescence from wasting disease, or during the muscular 
hypertrophy which accompanies preliminary training for 
athletic effort. 

Abderhalden’ mentions the fact that since various body 
tissues are constructed of different proteins, therefore a large 
variety of amino-acids in sufficient quantity must be available 
for their proper replenishment. Hence, it is reasonable to as- 
sume that an excess of food protein is essential to supply the 
special amino-products for the synthesis of the characteristic 
proteins of the blood-serum and those of the different organs. 

It is certain that large ingestion of protein in hot weather 
increases the heat production with accompanying increase in 

1Voit: “Zeitschrift fiir Biologie,” 1889, xxv, 278. 

2 Jaffa: U.S. Department of Agriculture, 1903, Bulletin No. 132. 


3 Abderhalden: ‘Zentralblatt fiir d. ges. Physiol. und Path. d. Stoffwech- 
sels,” 1906, i, 225. 
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perspiration (p. 235). .Meat should therefore be avoided in 
hot weather. .In cold weather such an extra heat production 
may produce a pleasurable sensation of warmth. Dr. Folin, in 
personal conversation with the writer, said that a dietary of 
carbohydrates, fat, and low protein was easily borne by an 
individual during the summer, but during the winter the man 
complained of his sensitiveness to cold when taking the same 
diet. 

Ranke! describes experiments on himself (weight = 73 
kilograms) during the hottest months of summer weather in 
Munich, at which time he partook of an ample diet, rich in 
protein (135 grams), containing 3300 calories—a diet which he 
had enjoyed during the preceding winter. He had to force 
himself to eat> He was first attacked by catarrh of the stom- 
ach, from which he recovered by dieting, and subsequently 
became infected by diphtheria. He had formerly suffered 
from catarrh of the stomach while residing in the tropics. 
The excess of food, and especially of protein, threw an un- 
necessary burden upon the heat-regulating apparatus which 
would not have taken place had the dictates of the appetite 
been allowed full sway and had the ration voluntarily been 
reduced. 

From the knowledge at hand there appears to be no strongly 
substantiated argument why that portion of mankind living in 
a cool climate should not follow the general custom of taking 
100 grams of protein, more or less, in moderate accordance with 
the dictates of their appetites. Everyone knows that excessive 
ingestion of highly flavored meats results in jaded appetite, an 
automatic signal of excess. 

A similar excess of food when given to dogs results in vomit- 
ing. Rubner® says that many years of experience with dogs 
leads him to believe that appetite and capacity for digestion 
and absorption depend on the dog’s requirement for energy in 
his given state of nutrition. A diet which a dog will greedily 


1 Ranke: ‘Zeitschrift fiir Biologie,” 1900, xl, 299. 
* Rubner: ‘‘Energiegesetze,”’ 1902, p. 83. 
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devour when in a room at a temperature of o° he will in part 
refuse when at a temperature of 33°. 

Evvard! writes: ‘“When the appetite is given full control 
of what shall be eaten it is surprising to note how pigs naturally 
select the specific feeds which swine herdsmen have long since 
approved of as the best, and, what is equally surprising, the 
pigs show a marked avoidance of those feeds usually considered 
-as ill adapted to swine.” 

While the protein quantity in the diet may vary within 
wide limits with the taste, the purse, or the fad of the indi- 
vidual, the quantity of energy required by the organism is a re- 
markably constant factor, being 35 calories per kilogram of body 
weight in the average man doing light work on a mixed diet. 
Comparatively little of this energy is furnished by protein. 

In:a fasting individual protein furnishes 13 and fat 87 per 
cent. of the total heat given off from the body. 

In Voit’s medium mixed diet, designed for a laboring man, 
the 118 grams of protein furnish about 15 per cent. of the total 
of 3055 calories. 

In such an experiment as Sivén’s, mentioned on page 
336, which represents a very low level of nitrogen equilib- 
rium, the 25 grams of protein ingested furnished too calories 
out of 2717 ingested in the food, or 3.6 per cent. However, 
since the total metabolism was measured as 2082 calories, the 
protein furnished approximately 5 per cent. of this energy. 

Chittenden? gives a dietary containing 50 grams of protein 
and 2500 calories as sufficient for a soldier at work. This 
allows 8 per cent. of the total energy in protein. These data 


may be thus summarized: 
CALORIES FROM CALORIES FROM FAT 


GRAMS OF ProrerIn METABO- AND CARBOHYDRATE 
PROTEIN LISM IN METABOLISM IN 
wn Diet. PER CENT. Per CENT. 
SUMTHIN Aan oe 13 87 
Voit’s standard (liberal protein) 118 16 84 
Chittenden’s standard (reduced 
0) 50 8 92 
Piven S MINIMUM, .........0... 25 5 95 


1 Evvard: “Proceedings of the Iowa Academy of Science,” 1915, xxii, 400. 
2 Chittenden: Loc. cit., p. 254. 
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The energy other than that contained in protein may be 
given as carbohydrates or as fat. Voit allows a laborer 500 
grams of starch (2050 calories, or 67 per cent. of the total) as 
the quantity which the intestinal canal may readily digest, 
and adds 56 grams of fat (521 calories, or 17 per cent. of the 
total) to the diet. 

It has already been observed that half the energy may be 
given in fat and half in carbohydrates without affecting the 
carbohydrate power of economy over the protein metabolism 
(seep. 270). 

This part of the subject really becomes a mere matter of 
calculation of the requirement of the resting organism, and the 
addition thereto of sufficient energy to accomplish the mechan- 
ical work. 

How this is done has already been set forth in another 
chapter. A bicyclist riding for sixteen hours may have a 
metabolism amounting to gooo calories daily, and the average 
ration of a Maine lumberman may rise to a value of 8000 
calories. Champion wrestlers in a world’s contest! may ingest 
daily during their periods of effort diets containing protein 
217.9 grams (35.1 grams of N); fat, 259.5 grams; carbohydrates, 
431 grams; together, 5070 calories; or protein, 182.2 grams 
(29.2 grams N); fat, 204.6 grams; carbohydrates, 392.3 grams; 
together, 4254 calories. Much cream was taken by these 
last-named individuals. 

Chittenden? has fallen into error in the commendation of 
2500 to 2600 calories as an ample diet for a soldier at drill. 
For himself, pursuing a sedentary life, Chittenden prescribes 
2000 calories, or 35 per kilogram, while Mendel requires 2448 
calories, or 35.3 calories per kilogram. ‘These are entirely 
normal values for people at light work. In the earliest calcula- 
tions of Voit, in 1866, it was shown that a man of 70 kilograms 
on a medium mixed diet produced 2400 calories, or 34.3 
calories per kilogram; and Rubner allows 2445 calories to men 


1QLavonius: “Skan. Archiv fiir Physiologie,” 1905, xvii, 196. 
2 Chittenden: Loc. cit., p. 254. 
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of 70 kilograms weight engaged in occupations involving light 
muscular work—such men as writers, draughtsmen, tailors, 
physicians, etc. But the soldiers under Chittenden were put 
for two hours in the gymnasium, then apparently drilled for 
one hour, and walked another hour. This physical work 
requires increased energy from metabolism. It has been 
shown that to walk 2.7 miles in an hour on a level road re- 
quires an increased metabolism of 159.2 calories in a man 
weighing 70 kilograms. [If a soldier during four hours actually 
expended this equivalent mechanical energy in excess of the 
amount of Professor Mendel in his laboratory, then his metab- 
olism would be larger than Professor Mendel’s by 637 calories, 
or he would have a total metabolism of 3085. 

In Chittenden’s experiments there was no analysis of the 
expired air, and conclusions are drawn from the maintenance 
of body weight. 

Several of the larger-sized soldiers (those who weighed 70 
kilograms) lost between 3.5 and 8.5 kilograms of body weight 
during the experiments. Fritz, weighing 76.0 kilograms, lost 
3.6 kilograms in five months. Had this all been fat, one can 
estimate that its heat value would have been 33,480 calories, 
or an available daily combustion of body substance equal to 
223 calories. Conclusions drawn from weight alone can be of 
only the roughest character (see p. 273). 

For ordinary laborers, working eight to ten hours a day, 
such as mechanics, porters, joiners, soldiers in garrison, and 
farmers, 3000 calories does not seem an excessive quantity. 

Rubner’s diet calls for 2868 calories. Chittenden’s allow- 
ance (2500-2600) is too low, while Atwater’s (3400) ap- 
proximates that required by a farmer. 

A third class are men at hard labor, such as soldiers in the 
field, shoemakers, blacksmiths, etc. For these Voit allows a 
dietary containing 3574 calories; Rubner, 3362 calories; and 
Atwater, 4150 calories. The differences in these figures are 
merely differences in the quantity of work alone. 
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In almost all the rations given carbohydrates do not exceed 
500 grams. The remainder is made up of fat. 
Atwater! reports the following dietaries for farmers: 


CALORIES. 
Farmers i in ,Gonmecticuts' ects tey-re Stetson ees a eee 3410 
(Jasco a ate eeinriGe ao ODN Oa AS a. Siac 3635 
3 New: Morkutncct ttre Moa on oe ies Sere ae 3785 
e MOXA COs oy. ore ire eo ne Sr Slonette bia Reeds eee 3435 
“ tally 5: aatoc. Sta ectovsto stetners sic, sretegaratenetne een auees 3505 


To this list may be added for farmers in Finland 3474 
calories, as found in the exhaustive studies of Sundstrém.? 
He states that the diet of the average Finnish peasant con- 
tains 136 grams of protein, 83 grams of fat, and 580 grams 
of carbohydrates, which corresponds to a division of calories 
so that protein furnishes 15 per cent., fat 21 per cent., and 
carbohydrates 64 per cent. of the total. He notes that if the 
peasant’s requirement of energy were taken in rye bread alone 
124 grams of protein would be ingested with it, whereas if a 
milk diet covered the requirement 195 grams of protein would 
be taken. He, therefore, sees no outlook for a low protein 
dietary among the poorer classes, that have hard work to do 
and must ingest large quantities of food fuel. 

Woods and Mansfield’ report a dietary study of a camp of 
fifty Maine lumbermen actively engaged in chopping and yard- 
ing logs. The investigation continued for six days. The 
daily average ration per man was as follows: Protein, 164.1 
grams; fat, 387.8 grams; carbohydrates, 982.0 grams; calor- 
ies, 8083 This dietary would appear almost fabulous were 
it not for the fact that Atwater has actually shown that 
a metabolism equivalent to 9300 calories a day may be pro- 
duced by a man riding a stationary bicycle for sixteen hours. 

Becker.and Hamilainen‘ in Finland have shown how much 
energy is needed by people in various occupations. The women 
may be first considered. The work day was of eight hours: 

1 Atwater: Report of Storr’s Agricultural Station, 1902-03, p. 135. 

2Sundstrém: ‘Untersuchungen iiber die Ernéhrung der Landherslkene 


in Finland,” 1908. 2 Woods and Mansfield, Loc. cit. 
4 Becker and Hamiildinen: ‘‘Skan. Archiv fiir Physiologie,” 1914, xxxi, 198. 
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A seamstress sewing with a needle required 1800 calories. 

Two seamstresses, using a sewing machine, required 1900 
and 2100 calories, respectively. 

Two bookbinders required 1900 and 2100 calories. 

Two household servants, employed in such occupations as 
cleaning windows and floors, scouring knives, forks, and. 
spoons, scouring copper and iron pots, required 2300 to 2900 
calories. 

Two washerwomen, the same servants as the last named, 
required 2600 and 3400 calories in the fulfilment of their 
daily work. 

Concerning the fuel requirement for the occupations of men: 

Two tailors required 2400 to 2500 calories. 

A bookbinder required 2700 and a shoemaker 2800. 

Two metal workers, filing and hammering metals, required 
3100 and 3200 calories. 

Two painters, occupied in painting furniture, required 
3200 and 3300 calories, and two carpenters engaged in making 
tables required the same amount of energy. 

Two stonemasons chiseling a tombstone needed 4,300 and 
4700 calories. 

Two men sawing wood required 5000 and 5400 calories. 

The proverbial reputation of sawing wood as a strenuous 
occupation has here its scientific verification and explains the 
disinclination of the hungry to engage in this useful occupation, 
as well as the unpopularity of charitable wood yards. 

Carpenter! has investigated the energy required for 
typewriting. He finds that the increase in oxygen absorption, 
above the amount when the typist is sitting and reading, 
amounts to about 2.47 grams, or the equivalent of 8 calories 
per thousand words when the speed is fifty words per minute. 
This would aggregate 24 calories per hour or 192 calories for 
eight hours. This quantity of energy is about the equivalent 
of that necessary for the forward progression of an average 
man walking horizontally for one hour and ten minutes at 


1 Carpenter: “Journal of Biological Chemistry,” 1911, ix, 231. 
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a speed of 2.7 miles an hour; the expenditure of energy in 
typing is therefore slight. 

A lower ration than the lowest here mentioned may be 
allowed to one who is confined to his bed (p. 110). In many 
hospitals, however, it has been found. that liberal feeding of 
the very poor is often better than medicine. 

The ‘“‘standard” dietaries are given below, not because they 
are inflexible requirements in any sense of the word, but 
merely for the convenience of the reader. The individual 
standard will ever be controlled by climate, the amount and 
kind of mechanical effort; by appetite, purse and dietetic 
prejudice. 

STANDARD DIETARIES FOR A MAN OF 70 KILOGRAMS 

(Weights in Grams) 


Voit. RUBNER. ATWATER. 

Light work: 

Protein). eer eee be 123 100 

Fabith e  eeeetee. ae 46 by 

Carbohydrates.:.......-. e 377 * 

CalorieSS ae eee Gene ae 2445 2700 
Medium work: 

Protege cape ener 118 127 125 

Fatt) poten veers: 56 52 @ 

@Carbohydratessenaete eee 500 509 = 

Caloriés tiie ener es 3055 2868 3400 
Hard work: 

Protein eee een ae 145 165 I50 

Hates awn eer era I0o 70 

Carbohydrates... 5. er 500 565 = 

CaloriesS.2 ieee es 3574 3362 4150 


*Carbohydrates and fats to make up the fuel value. 


Rubner' cites the following food values consumed daily per 
inhabitant of different cities, based upon municipal statistics of 
gross consumption: 


MUNICIPAL FOOD STATISTICS 


CARBOHY- 


PROTEIN Fat Vert CALORIES. 
: Grams. Grams. Grams 
K6nigsberg......... 4, Br 414 2304 
unich, |. thseews 06 65 492 3014 
Paris ane cee 98 64 465 2903 
London: 30s eee a 98 60 416 2665 


'Rubner: von Leyden’s “Handbuch der Ernihrung,”’ 1903, i, 160. 
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In contrast to this, comparative uniformity hospital dieta- 
ries, as regulated by the management of such institutions, 
vary greatly. 

Rubner' cites the following hospital dietaries: 


HOSPITAL DIETARIES 


CaRBOHY- 


PROTEIN. Fart. aa CALORIES. 
Grams Grams Grams 
VED NICHay a etree ores 92 54 157 1381 
PAUSSDULE. «tes lschs. fa 04 57 222 1823 
efalloweie 2% s5.0-0% 92 30 303 2267 
PE SIANIG fe pat orks eiate ore 107 69 533 3266 


An interesting study of the dietary of a poorhouse in 
Helsingfors, Finland, was made by Elizabeth Koch? A total 
of 3355 calories was offered to each of five old men daily and 
2430 were taken per person. Of the food offered, 1500 calories 
were contained in bread. The dietary was thus arranged: 


Breakfast. Daily: 200 gm. potatoes; $ liter skimmed milk; 40 gm. butter. 
Four times a week, 50 gm. salt fish (Strémling); bread, 200 gm. 
Dinner. Daily: 200 gm. bread. 
Four times weekly, 100 gm. meat; 200 gm. potatoes. 
Twice a week bean soup. Beets and barley also furnished. 

Supper. Mostly bread, skimmed milk, and wheaten grits. 

When taking this diet the inmates of the institution con- 
sumed an average of 106 grams of protein, 55 grams of fat, 361 
grams of carbohydrates, and 34 grams of-salts. The total 
quantity of milk offered, amounting to between 667 and 1000 
c.c. daily per person, was in each case completely taken. 
Old men of seventy-five years took a fair quantity of food, 


as appears from the following analysis: 


AGE. WEIGHT. HEIGHT. CALORIES IN CALORIES PER 


Foon. Ke. 
Years. Kg. M. 
hee es 54 62.5 1.64 2307 36.9 
ee. 60 72.5 wes 5276 2790 38.5 
Mu... 70 70.5 1.65 2565 36.4 
1 OS ae 75 65.0 1.64 2379 36.5 
| eee 79 60.0 © 1.65 2108 35-1 / 


1Rubner: Loc. cit., p. 157. : 
2 Koch, E.: “Skan. Archiv fiir Physiologie,” 1911, xxv, 315. 
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The author concludes that the quantity of food needed by 
old men is slightly below the normal (see p. 129). 

The population of a city will ordinarily sustain itself in 
accordance with its needs. In public institutions, however, 
such as poorhouses, prisons, asylums, hospitals, and in military 
and naval establishments, scientific knowledge of the needs of 
the individual becomes a very important consideration. The 
prolonged endurance of an army of soldiers is just as dependent 
on an ample army ration as is the battleship dependent on its 
supply of fuel. Not only the quantity of the food makes for 
the well-being, but it must taste well. No amount of actual 
fuel value could compel the American soldiers of the Spanish- 
American war to eat the ‘‘embalmed beef” furnished by the 
Government. The flavor is to the man what oil is to the ma- 
chinery of the battleship. Without flavor in the food the 
digestive apparatus does not run smoothly. In ordinary 
civilized life even psychical influences act. The cloth on the 
table must be spotless, and the environment inviting. 

In the process of manufacture of Liebig’s extract of beef 
muscle creatin is largely converted into creatinin. Such an 
extract, which contains also xanthin, is not strictly a food, 
since its constituents are largely ready for elimination in the 
urine.! Biirgi? shows that if meat extract be administered it 
is excreted in the urine, excepting 4.57 per cent. of its nitrogen, 
14.85 per cent. of its carbon, and 17.55 per cent. of its energy 
content. 

Its value lies in its flavor, which promotes the proper flow 
of the digestive juices.’ 

It may be incidentally remarked that the principal value of 
many “patent” foods, ‘‘invalid”’ foods, etc., lies in their flavor. 
If agreeable to the taste of the individual they usually afford a 
harmless indulgence. That beef, milk, cream, butter, and rice 
are quite as suitable for all the purposes of proper living is 
a fact not sufficiently advertised. The old-time fraud of 

1 Rubner: “Zeitschrift fiir Biologie,” 1883, xix, 343. 


2 Biirgi: “Archiv fiir Hygiene,” 1904, li, 1. 
3 Voit: ‘Stoffwechsel,” 1881, p. 449. 
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“patent’’ foods being “‘brain restorers” is as foolish a lie as can 
be written. 

One takes as food milk, eggs, various meats, such as beef, 
veal, pork, mutton, fish; also cereals, such as bread, rice, corn; 
macaroni, beans, and peas. Sometimes alcoholic beverages 
are added. The calorific values may be calculated by de- 
termining the composition of the various nutrient materials 
by analysis and by multiplying the number of grams of 
each constituent by the factor which represents its fuel value 
to the organism (see p. 42). 

As a simple illustration of this the following experiment of 
Rubner! may be cited: A man weighing 46 kilograms ate noth- 
ing but eggs for two days—2z2 on the first day and 20 on the 
second. The 22 eggs contained 1017.4 grams of material; the 
20 eggs, 878.8 grams, an average of 948.1 grams per day. Since 
100 grams of egg contain 14.1 grams of protein and 10.9 grams 
of fat, 948.1 grams would contain a daily allowance of 133.6 
grams of protein and 103 grams of fat. If Rubner’s standard 
values for the energy content are used, the result will be as 


follows: 
133-6 grams protein X 4.1 = 547 calories. 
103.3 grams fat X 9.3 = 961 calories. 


LOtal: aa. os eee eet SOS calories, 
or 33 calories per kilogram. 


This dietary of eggs was, therefore, nearly sufficient for the 
fuel requirement of this undersized individual. Notwithstand- 
ing the large amount of protein in the dietary there was a loss 
of body protein equal to 7.5 grams per day. 

The results of an exclusive milk diet are thus summarized 
by Rubner? Milk (2438 grams), containing 84 grams of protein 
and two-thirds of the requirement of energy for the individual, 
produced a deposit of protein equal to 6.7 grams daily (p. 279). 
To cover a requirement of 2400 calories daily 3410 grams of 
milk would be needed, which contain 140 grams of protein. 

1Rubner: “Zeitschrift fiir Biologie,” 1879, xv, 127. 

2 Rubner: von Leyden’s “Handbuch der Ernahrungstherapie,” 1903, i, 132. 
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For a laboring man with a requirement of 3080 calories, 
4380 grams of milk with 180 grams of protein would be 
necessary. 

Thomas! drank 10.7 liters of whole milk (6781 calories) 
in one day, taking it up to the limit of his capacity. Of 53.3 
grams of nitrogen in the milk, 28.7 grams appeared in the urine 
of the day and 21.1 grams were added to the body. ° Of 67.4 
grams of salts contained in the milk, 36.9 grams were present 
in the urine of the twenty-four-hour period and 29.5 grams were 
passed in the feces attributable to the diet; the power to 
absorb such a diet was therefore great. Dried milk powder 
preparations were absorbed with as great ease as whole 
milk. 

It is evident that milk with its high protein content is a 
food par excellence for the growing organism or for the invalid 
convalescing from wasting disease. It contains too, large an 
amount of protein for a normal adult. A mixture of milk, 
toast, and cream (creamed milk-toast) may produce a modified 
milk diet of proper value and easy digestibility. An exclusive 
milk diet contains too little iron for the needs of a normal 
adult. 

Moritz? recommends milk alone in treatment of obesity, 
in quantities varying between 1.5 and 2.5 liters daily. The 
normal weight in kilograms of the individual is calculated from 
his height, and each kilogram of such weight is provided with 
16 to 17 calories in the diet, an amount which is contained in 
25 c.c. of milk. Should the normal weight be 80 kilograms, 
2000 grams of milk are administered daily in five portions. 
Such treatment brings about a considerable loss in body 
weight, and, although some body nitrogen is lost, a state of 
weakness does not ensue. 

Rubner finds that 1500 grams of good white bread contain- 
ing 104.4 grams of protein will maintain a working man in 
nitrogenous and calorific equilibrium. 


Thomas: “Archiv fiir Physiologie,” 1909, p. 4 
? Moritz: ‘Miinchener medizinische Wockenschuift,” 1908, lv, 1569. 
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Thomas! took on three successive days an average of 
2760 grams of fresh bananas which were not completely ripe, 
and to this he added 300 grams of sugar. This gave a total 
intake of 4.32 grams of nitrogen and 2741 calories daily. 
Although a preliminary diet of starch and sugar had reduced 
the urinary nitrogen to 3 grams at the beginning of the experi- 
ment, nitrogen equilibrium could not be obtained when the 
above noted amount of bananas was ingested. The unripened 
starch of the banana is eliminated in the feces. Ripe banana 
in which almost all the starch has been converted into glucose 
is very completely digestible. Whereas five parts of potato 
protein may replace four of body protein in establishing 
nitrogen equilibrium, the protein of banana is not so efficient. 
Yet in tropical countries, such as the sea-coast of East Africa, 
the Congo, and in the Pacific Islands, during the six months of 
the rainy season (in which the banana is ripe), it furnishes 
almost the exclusive diet of the natives. It is preferred to 
potatoes because it can be obtained almost without labor. 
Banana flour is also prepared in these localities by drying 
unripe bananas in the sun. 

If water be taken when the stomach is empty it quickly 


-passes through the pylorus into the intestine. Taken with 


food, however, its exit from the stomach is considerably 
delayed; the delay accounts for some of the pleasure of after- 
noon tea when taken with toast. Beer remains in the stom- 
ach longer than water, and this may be due to the extractive 
substances or to a narcotizing effect upon the musculature of 
the stomach.? "es 

Atwater and Benedict? have conclusively shown that 
alcohol may be used in the economy in place of isodynamic 
quantities of carbohydrates and fats. The following table 
shows the average of experiments on a resting individual which 
lasted twenty-three days: 

1Thomas: “Archiv fiir Physiologie,” 1910, Suppl., p. 20. 

2 Grébbels: “Zeitschrift fiir physiologische Chemie,” 1914, Ixxxix, 1. 


3 Atwater and Benedict: ‘Memoirs of the National Academy of Sciences,” 
Washington, 1902, viii, 231. 
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INFLUENCE OF ALCOHOL ON METABOLISM 


In THE Foop In Grams. 
Dura- |- —— — Cat. | CAL. OF 
TION IN Cars ae mat : IN METABO- aha 
end Protein.| Fat. bohy- tet ae 
drates. 
SS aoe 
Ordinary diet....| 13 114 69 354 AF 2496 | 2221 —2.0 
Alcohol-contain- 
ing dieteae se 10 II5 47 273 1\-7.252. | 2458") 222% —3.8 


Atwater and Benedict employed diets containing about 
2500 calories for a man at rest and 3500 for a man at work. 
During the alcohol days 500 of the calories were supplied in 
72 grams of alcohol, or about what is contained in a bottle 
of claret. The metabolism of the individual as expressed in 
calories was unchanged by the addition of alcohol to the diet. 
The alcohol was given in six small doses and 98 per cent. was 
burned by the organism. 

On the ordinary diet 33.7 grams of fat were daily added to 
the body, and on the alcohol days 34.1 grams. ‘These very 
valuable observations make it evident that alcohol is not a 
direct cause of obesity. If, however, a young man having 
acquired certain dietary habits at home continues the same 
diet at college and begins to drink “in moderation” besides, 
his increasing rotundity as he returns on his vacations can be 
readily explained by the sparing influence of alcohol upon the 
fat in his diet. 

A liter of German beer contains 3 to 4 per cent. of alcohol 
and 5 to 6 per cent. extractives. It yields 450 calories to the 
body, only half being derived from alcohol, the rest from the 
dextrin and protein-like extractives. Here is a material 
whose “fattening” properties may be very highly considered. 

It is reported that alcohol is present in normal human 
blood to the extent of 3 parts in 100,000. When alcohol is 
drunk it passes into the blood as such, and as much as 2 parts 

‘in 1000 has been found in the blood of a drunken man by 
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Schweisheimer.! According to this author, the intensity of 
the drunkenness depends on the concentration of alcohol in 
the blood. A maximum concentration is reached about an 
hour and a half to two hours after drinking and may remain 
high for five hours. Those who are accustomed to alcohol 
oxidize it all in seven and a half hours, whereas those who have 
been abstainers require twice that time. 

It is interesting that although alcohol ingestion reduces 
the respiratory quotient after it has been given, it has never 
been found to reduce it to such an extent as to indicate that it is 
the main source of the energy supply of the body. 

An experiment by Durig? showed that after giving 30 
grams of fructose to a man every hour the respiratory quotient 
rose to unity; but if 30 c.c. of alcohol were given about the 
same time the respiratory quotient was depressed to about 
0.80. Alcohol was, therefore, in large measure oxidized in- 
stead of sugar, but the respiratory quotient did not approxi- 
mate 0.67, the quotient for alcohol itself, as would have been 
the case if the source of energy had been exclusively alcohol 
(see p. 298). These authors find no summation of dynamic 
effect when alcohol and carbohydrate are oxidized together 
(see p. 208). 

Véltz and Dietrich? have given dogs 2 c.c. of alcohol per 
kilogram of body weight. After ten hours only 73 per cent. 
of the material had been oxidized, or enough to provide for 
43 per cent. of the energy requirement of the time. About 
go per cent. was oxidized in fifteen hours, but it required 
about eighteen to twenty hours for the dog to rid himself of 
the material. Alcohol, therefore, is not a quickly oxidizable 
substance, but it remains in the blood a long time. Although 
sugar may entirely displace fat metabolism, alcohol can only 
in part displace carbohydrate from its part in metabolism. 

All alcoholic beverages are taken with a twofold object: 
first, the desire for flavor, and second, for stimulation; their 


1 Schweisheimer: ‘Deutsches Archiv fiir klinische Medizin,” 1913, cix, 271. 
2 Tégel, Brezina, and Durig: ‘‘Biochemische Zeitschrift,” 1913, 1, 298. 
8 Véltz and Dietrich: Jbid., 1914, Ixviii, 118. 
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food value, as above described, is usually little considered. In 
general, it may be said that alcohol asa stomachic is valueless 
when the gastric juice is normal, but is beneficial in cases of 
supersecretion, hypochlorhydria, and loss of appetite. Under 
these circumstances small amounts of beverages containing 5 to 
to per cent. of alcohol are sufficient for all purposes.’ 

In the light of the social evils which accompany the excess- 
ive use of alcohol as a beverage there is no doubt that its total 
prohibition—if this were possible—would make for the public 
weal and improve the physical and moral condition of man- 
kind. 

The subject of alcohol could be spun out into a considerable 
story, but for further details the reader is referred to other 
sources.? 

The ash constituents of a dietary are certainly of impor- 
tance. In fasting there is a constant loss of salts from the 
body. There is apparently a “‘wear-and-tear’” metabolism of 
the bones (see p. 99) which must be replaced by ingested 
salts. 

The minimum amount of calcium needed in the daily diet 
in order to establish “calcium equilibrium” is unknown. 
Benedict’s fasting man eliminated 0.138 gram of calcium oxid 
in the urine of the thirty-first day of his fast. 

From the work of Bertram,‘ it appears that a man can be 
maintained in calcium equilibrium when the diet contains 
0.4 gram of calcium oxid. Herxheimer® obtained the same 
result when a man took 0.86 gram of calcium oxid. 

German authorities state that a man requires about 1.5 
grams of calcium oxid daily. Thus Hornemann® places the 


1 Zitowitsch: Abstract in ‘Biochem. Centralblatt,” 1905, iv, 574. 

2“The Use of Alcohol in Medicine”: F. G. Benedict, A. R. Cushny, S. J. 
Meltzer, Graham Lusk, “Boston Medical and Surgical Journal,’’ 1992, cxlvii, 
31; “Bibliographie der gesammten wissenschaftlichen Literatur iiber den Alko- 
hol und den Alkoholismus,”’ 1904, by Emil Abderhalden. 

* For the older literature see Albu and Neuberg: ‘‘Physiologie und Path- 
ologie des Mineralstoffwechsels,”’ 1906. : 

‘Bertram: ‘Zeitschrift fiir Biologie,” 1878, xiv, 354. . 

5 Herxheimer: ‘Berliner klinische Wochenschrift,” 1897, xxxiv, 423. 

®Hornemann: ‘Zeitschrift fiir Hygiene,” 1913, Ixxv, 553. 
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requirement of calcium oxid at 1.7 grams and of iron at 55 
milligrams, the sodium chlorid balance being maintained 
with 5 grams of that salt daily, or half to one-quarter the 
amount usually taken. 

Tigerstedt! reports that the diet ot the Finns contains 
between 2 and 6 grams of calcium oxid daily, and this on 
account of the large intake of milk (see p. 348), which aver- 
ages 1570 c.c. for men and 913 c.c. for women. 

In contrast with this, the ordinary American diet of the 
average inhabitant of the Eastern States, as studied by Sher- 
man, Mettler, and Sinclair? presents a sorry spectacle. 

The salt content of the dietaries taken by the people of 
the two nations may be thus contrasted: 


ASH CONTENT OF ORDINARY DIETARIES, WEIGHTS IN GRAMS 


FINNISH. AMERICAN. 
CALORIES 
In Drier. | 
P203. Ca.O. Mg.O. | P20s CaO: Mg.O 
Over 4000...| 10.86 6.10 202, 4.24 0.79 0.89 
4000~3500...| 9.46 3-79 1.85 3:22 0.04 0.51 
3500-3000...} 8.18 4.02 1.53 3.29 0.99 0.50 
3000-2500... 6.93 3.51 F223 3.20 0.92 0.46 
2500-2000... 5.64 2.90 1.03 2.06 0.36 0.32 
2000-1500...| 5.12 2.85 0.78 1.84 0.68 0.23 


Tigerstedt points out that this difference in the salt in- 
take of the different peoples is due to the fact that the Ameri- 
can subjects took an average of only 250 c.c. of milk in their 
diets daily. As pointed out by Sherman, the American 
family has only to drink more milk or eat more cheese in order 
to raise the ash content of the dietary. Those in charge of 
the food supply of institutions should not forget the impor- 
tance of milk, and every care should be exercised to prevent 
the cost of good milk from becoming prohibitive. 


1 Tigerstedt, R.: ‘“Skan. Archiv fiir Physiologie,” ror1, xxiv, 97. 
Sherman, Mettler, and Sinclair: U. S. Dept. of Agriculture, Office of 
Experiment Stations, rgro, Bulletin No. 227 A. Table giving the ash constit- 
uents of the edible portions of various food materials is given in this bulletin 
on p. 41. 
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The American families were reported to consume between 
35 and 7 milligrams of iron daily, the amount ingested running 
almost parallel with the intake of protein in the food. This is 
much less than the minimum called for by Horneman. 

The question of the minimal quantity of ash intake for 
human beings is far from settled. 

The following table, compiled from part of the data pre- 
sented by Sherman! and by Sherman and Gettler, gives the 
ash content of various edible foods: 


ASH CONTENT OF THE EDIBLE PORTION OF SOME COMMON 
FOODS 


In 100 GRAMS FRESH SUBSTANCE. 


Cal- |Magne- 


Potas- | Phos- : 
cium. | sium. Chlorin. 


Sodium. sium. | phorus. 


Tron. 


Mg. Mg. Mg. Mg. Mg. Mg. Mg. 


Beefsteak, lean........... 3.8 8 24 67 35 22 50 
I es ee ON Sith ao be 3.0 67 9 15 14 16 100 
Milk, -wholescsentn ween 0.2 | 120 II 51 142 | 094 120 
Gornmea) es encore rr 

Oatmeal. 7 eta ease am, 03 127 81 380 | 380 35 
Rice, polished seers eared: 0.7 8 2 21 68 | 89 50 
Wheat flour: seems aie eee 15 26 30 69 146 | 86 76 
Wheat, entire grain....... 5.2 44 | 170 | 106 515 | 460 88 
Beans, lima, dried.........] 7.2 Fomapece 7) 245 1743 | 336 25 
Beans, string, fresh........| 1.6 

Cabbagerc sete eee 0.9 49 14 20 243 27 13 
Com: sweet!acc nee an 0.8 

Peas\dried cee eny reat Eto sle S20 amOOL WL tas 118 880 | 307 40 
Potatoes fiz, Aen neece T2 II 22 19 440 61 30 
Spinach s-.aus seve ae eee 3.8 

Turnips 0.6 64 | 169 59 332 | SI 40 
Apples. 0.3 10 8 15 125 13 4 
Raisins: Peon owe cera 3.6 yi) 9 141 830 | 126 70 


Meat, eggs, oatmeal, unmilled wheat, and green vege- 
tables contain much iron. Milk, polished rice, and white 
flour contain little iron. Milk, oatmeal, and dried beans 
furnish large amounts of calcium. 

Not only is the quantity of the ash constituents of signif- 


1Sherman: “The Chemistry of Food and Nutrition,’’ New York, rortr. 
2 Sherman and Gettler: ‘Journal of Biological Chemistry,” ro11-12, xi, 


323. 


A NORMAL DIET 361 


icance, but Sherman and Gettler! have shown the importance 
of the acid or base-forming potency of the ash of different 
foods. Thus, a dietary which contained 3000 calories, 300 
calories being in potato, was given to a man, and then the 
potato was replaced by rice containing 300 calories. The 
result of the change was an increase of 50 per cent. in the 
titratible acidity of the urine and an increase in the amount 
of ammonia excreted. 

Blatherwick? has continued investigations along these 
lines, which show that foods which have a preponderance of 
base-forming elements lead to the formation of a urine less 
acid than the normal. Such foods are potatoes, oranges, 
raisins, apples, and bananas, and these are very efficient in 
reducing the acid output. Tomatoes are less valuable in this 
respect. Rice and whole wheat bread increase urinary 
acidity. Plums, prunes, and cranberries, through their con- 
tent of benzoic acid, increase the urinary acidity. Blather- 
wick notes that the hydrogen ion concentration of thirty 
urines obtained from vegetarians was — 6.64, in contrast with 
a value of —5.98 reported by Henderson and Palmer for the 
urines of persons living on a mixed diet, and he emphasizes 
the close relationship between the hydrogen ion concentration 
of the urine and its solvent power over uric acid. These 
findings are, therefore, in accord with those of Hindhede (p. 
341) and should establish the potato upon a high plane of 
dietary dignity. 

To arrange a proper dietary for a given individual or 
group of individuals the very complete and valuable tables of 
Atwater will be found most practical. They are placed in an 
appendix at the end of this volume for the benefit of the stu- 
dent who may desire to apply in practice his knowledge of the 
general laws of metabolism. 

Underfed or overfed individuals may alike become objects 
of commiseration and proper subjects for rehabilitation. 


1 Sherman and Gettler: Loc. cit. er P 
2 Blatherwick: ‘Archives of Internal Medicine,” 1914, xiv, 409. 


CHAPTER XIII 


THE NUTRITIVE VALUE OF VARIOUS MATERIALS 
USED AS FOODS 


In 1897 Eijkman! published the observation that the 
disease beriberi was due to a one-sided diet of polished rice, 
and that if rice were not milled, but eaten with its peri- 
carp, beriberi did not ensue. Eijkman? also made the very 
valuable discovery that pigeons, when fed with polished rice, 
developed a polyneuritis analogous to that found in human 
beriberi, and that the addition of rice bran (rice polishings) 
to the diet prevented this condition.’ | 

‘About this same time R6hmann‘ found that if instead 
of natural foods, purified materials, such as casein, egg- 
albumin, vitellin, potato starch, wheat starch, and oleomar- 
garin, together with the proper salts, were mixed and given 
to mice, their offspring were difficult to rear with this food 
and that no living young could be obtained from them.° 
These experiments appeared difficult of interpretation. 

In reality, the work of Eijkman and of Réhmann was 
the beginning of a scientific knowledge of the so-called 
“deficiency diseases.” It now appears that a proper diet for 
growth or maintenance must contain not only protein, fat, 
carbohydrate, and salts, but also some substances existing in 
natural foods, in very minute quantities, which are absolutely 
essential to the harmonious fulfilment of the life processes. 
It should be added that R6hmann denies the necessity of 
these accessory substances. 


1 Kijkman: “Virchow’s Archiv,” 1897, cxlix, 187. 

* Kijkman: Jbid., 1897, cxlviii, 523. 

3 For useful reference consult Vedder, E. B.: “Beriberi,’”’ New York, 1913. 

4Réhmann: “Klinische therapeutische Wochenschrift,” 1902, No. 40. 

5 Consult Osborne and Mendel: Carnegie Institution, Publication 156, 
1911; Réhmann: “Ueber kiinstliche Ernéhrung und Vitamine,” Berlin, 1916. 
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Another pioneer in this field was Gowland Hopkins,! 
who wrote in 1906, “‘No animal can live on a mixture of 
pure protein, fat, and carbohydrate, and even when the 
necessary inorganic material is carefully supplied the animal 
still cannot flourish. The animal is adjusted to live either 
on plant tissues or the tissues of other animals, and these 
contain countless substances other than proteins, carbo- 
hydrates, and fats. ... In diseases such as rickets and, 
particularly, in scurvy we have had for long years knowledge 
of a dietetic factor; but though we know how to benefit 
these conditions empirically, the scale errors in the diet are 
to this day quite obscure. . . . Scurvy and rickets are con- 
ditions so severe that they force themselves on our atten- 
tion; but many other nutritive errors affect the health of 
individuals to a degree most important to themselves, and 
some of them depend upon unsuspected dietetic factors.” 

The study of the “accessory factors” of diet, a term used 
by Hopkins, has been in the hands and heads of some of the 
ablest physiologic chemists during the past ten years, and it 
is extremely difficult, perhaps impossible, to write of the 
subject and do even-handed justice toward the various con- 
tributors in the field. Hofmeister defines the unknown but 
beneficent factors alluded to here as “accessory food-stufts,”’ 
and Funk has called them “vitamins.” ? Objection is made 
to the term ‘“‘accessory”’ on the ground that it implies some- 
thing non-essential, and to the term “vitamin” on the ground 
that there is no evidence that the substance or substances 
in question are amins, nor that they are more valuable to 
life than other substances—epinephrin, for example. In 
acknowledgment of this insufficiency of information, McCol- 
lum’ suggests the provisional use of two terms, the “fat- 
soluble A” and the ‘“‘water-soluble B,’’ as representing the 
factors necessary for adequate growth. The “water-soluble 


1 Hopkins, F. G.: “Analyst,” 1906, xxxi, 391. 
2 Funk: “Ergebnisse der Physiologie,” 1913, xiii, 126. 
3 McCollum, E. V.: “Journal of Biological Chemistry,” 1916, xxv, 105. 
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B” cures beriberi and is regarded as identical with Funk’s 
“vitamins.” 

For the sake of simplicity, the word ‘‘vitamin” may be 
retained provisionally to express the group of as yet uniden- 
tified substances which cannot at present be classified with 
the familiar nutrients, proteins, fats, carbohydrates, inorganic 
salts, and water, upon which the harmonious behavior of the 
organism depends and which are ordinarily ingested in traces 
in the food. The term “food hormone” is probably a more 
rational expression of what the vitamins signify (see p. 378). 

Interwoven with the experimental work upon the sub- 
ject of the vitamins has been work upon the relative value 
of different proteins in nutrition. A diet may yield sufficient 
energy to maintain the organism and yet be a deficient dietary 
in that it lacks vitamins or contains insufficient salts or too 
little protein or protein of low nutritive value. 

Stepp! showed that when mice were fed with bread baked 
with a little milk this formed a complete diet, but if this 
diet were first extracted with alcohol and ether the animals 
all died. He? further reported that the addition of salts or 
fat or lecithin or cholesterol to the extracted bread was 
without beneficial influence when it was given to mice. 
However, the addition of ether-alcohol extracts from skimmed 
milk, from egg-yolk, or from calf’s brains to bread which had 
been extracted furnished a diet capable of supporting mice. 
In a later paper Stepp* reported that ether extraction fails to 
remove the accessory substance necessary to life, whereas 
alcohol accomplishes this result; he therefore concludes that 
the significant substance is not a fat. 

In 1912 Holst and Frdélich* reported that if guinea-pigs 
were fed with a one-sided diet of white bread, or with polished 
rice or other milled grains, they invariably died, usually in 
about four weeks. They always showed loose teeth and 

1Stepp, W.: “Biochemische Zeitschrift,”’ 1909, xxii, 452. 
? Stepp, W.: “Zeitschrift fiir Biologie,” 1911-12, lvii, 135. 


3 Stepp, W.: Jbid., 1913, lxii, 405. 
4 Holst and Frélich: ‘Zeitschrift fiir Hygiene,” 1912, Ixxii, 1. 
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usually hyperemic gums. Hemorrhages appeared, some- 
times in the skin, but more usually at the knee-joints and at 
the cartilages of the ribs, and there were microscopic changes 
in the bone-marrow. All these phenomena are in entire ac- 
cord with the manifestations of human scurvy. It is im- 
portant to remember that it has never been demonstrated 
that any kind of unmilled grain will produce scurvy. Mate- 
rials in the pericarp are, therefore, essential to health. As 
antidotes to foods which produce scurvy, fresh vegetables, 
dried peas, lime-juice, or fermented liquors (wines, beer) are 
antiscorbutic and cure human scurvy as well as the form 
artificially induced in animals. Drying or heating some of 
the effective substances to 110° reduces the antiscorbutic 
effect. 

Hess! reports that in an asylum where infants were fed 
with pasteurized milk during a period of four months scurvy 
developed, accompanied by a stunting in the normal growth 
of the infants. This was at once corrected by the adminis- 
tration of orange-juice. 

Lime-juice was early found to be a preventive of scurvy, 
and its introduction into the British Navy in 1795 led to the 
disappearance of the disease among the sailors. 

Holst? describes how Cartier on his second voyage to 
Newfoundland, in 1535, administered with great success a 
fresh decoction of pine needles to a crew of 103 men of 
whom only 3 were free from scurvy. When the Eskimos suffer 
from this disease Holst states that they turn to the liver of 
seals or, better, to fresh “‘matok,”’ which is the rete Malpighii 
of the skin of whales. 

During the siege of Paris scurvy broke out on a large 
scale on account of the prolonged one-sided diet of farinaceous 
nutriment. Under ordinary conditions in civilized commu- 
nities scurvy is of rare occurrence, although it has been known 

7 Hess, APs: Saag of the Society for Experimental Biology and 
Medicine,” rors, xiii, 


2 Holst: “XVth Eo reeitial Congress of Hygiene,” Washington, 1912, ii, 
588 
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to develop in poorhouses which have been placed under 
ignorant or dishonest control. 

Another disease which, in all probability, is a deficiency 
disease, is pellagra. Funk! states that in the United States 
between 1907 and 1912 20,000 persons died of pellagra, the 
mortality being 40 per cent. among those suffering from the 
disease. Pellagra occurs in the ‘‘corn belt” of the United 
States, and especially among the poorer classes of the South. 
The disease has developed since the introduction in 1880 of 
highly perfected machinery which furnishes corn and wheat 
completely freed of their outer coverings. In Italy, where the 
process of milling corn is primitive, the mortality among the 
pellagrins is only 4 per cent. Nightingale? reports that in a 
prison in Rhodesia, where hand-milled maize was given, this 
food proved to be adequate, but when maize without its skin 
was substituted 1210 cases of pellagra occurred. There is 
no pellagra in zones where the potato is cultivated.. Night- 
ingale concluded that the disease was in no way infectious or 
contagious. Green vegetables, meat, butter, and potatoes 
are found to be the best antidotes. 

Goldberger’ reports that at an isolated convict camp in 
Mississippi 11 volunteers were placed on a one-sided diet 
of wheat, corn, and rice, as the result of which 6 individuals 
developed pellagra after the diet had been administered for 
about five months. : 

Vedder* believes that pellagra, like beriberi and scurvy, is 
a deficiency disease, though the possibility of its being of in- 
fectious nature remains an open question. The deficiency is 
attributed to a too exclusive use of wheat flour in association 
with cornmeal, salt meats, canned goods, all of which are 
deficient in vitamins. He writes: “If pellagra is a deficiency 
disease it has an extremely long depletion period. If Gold- 


1 Funk: ‘Miinchener medizinische Wochenschrift,” 1914, lxi, 6098. 

2 Nightingale: ‘British Medical Journal,” 1914, No. 1, 300. 

8 Goldberger: “Journal of the American Medical Association,” 1916, lxvi, 
vos 
4 Vedder, E. B.: ‘Archives of Internal Medicine,” 1916, xviii, 137; “‘Jour- 
nal of the Amer. Med. Assoc.,”’ 1916, Ixvii, 1494. ’ 
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berger and his associates produced pellagra in their human 
feeding experiments, the depletion periods 6n the diets used 
may be placed at at least five months.” 

The United States Public Health Service has maintained 
an important station at Spartanburg, S. C., in the heart of 
the pellagra district, and has issued several valuable reports 
which cannot here be detailed.! 

One may now pass to the more detailed consideration of 
the vitamins, the acknowledged discoverer of which is Gow- 
land Hopkins. An important advance was scored when 
Funk? separated a material from yeast a few milligrams of 
which cured polyneuritis in pigeons. From roo kilograms of 
dry yeast he’ extracted 2.5 grams of a material which, when 
administered in doses of 2 milligrams to pigeons paralyzed 
with beriberi induced by a diet of polished rice, cured them 
in three hours. 

Working in Japan, Suzuki, Shimamura, and Odake‘ 
extracted rice-bran first with ether and then with alcohol. 
The purified substance obtained from the alcohol extract was 
said to cure beriberi in pigeons when 1o milligrams of the 
material were administered. 

The effect of the vitamins upon growth has been espe- 
cially studied by Osborne and Mendel and by McCollum and 
Davis. Whether there are specific vitamins for growth has 
not been clearly established. 

Experiments concerning growth may be conducted with 
especial ease upon pigs and rats. McCollum? concludes that 
the growth impulse of the pig is greater than that of the rat 
on account of the data contained in the following table: 


: Hunter, Givens, and Lewis: ‘Preliminary Observations of Metabolism 
in Pellagra,” Hygienic Laboratory, Bulletin 102, 1916; Koch and Voegtlin, 
“Chemical Changes in the Central Nervous System as a Result of Restricted 
Vegetable Diet,’’ Hygienic Laboratory, Bulletin 103, 1916. 

2 Funk: “Journal of Physiology,” 1911-12, xliii, 395. 

3Funk: J[bid., 1913, xlvi, 173; ibid., 1914, xlviii, 228. 

4 Suzuki, Shimamura, and Odake: “Biochemische Zeitschrift,” 1912, 


i, 89. 
5 McCollum: “Journal of Biological Chemistry,” 1914, xix, 323. 
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WEIGHT AT 280 Days 
At Birra. AGE = 280 Days. WEIGHT AT Birra. 
— To jms ————— oa 
Weight, Body N, Weight, Body N, Body Body 
Grams. Grams. Grams. Grams. Weight. N. 
Ratyomacteitctamis 4.83 0.064 280 8.5 55 133 
Pig. 255. conse 906. 11.9 136,000 2407. 150 202 


It is evident that the pig, both as regards body weight 
and nitrogen content, increases relatively somewhat more 
rapidly than does the rat. However, in both species the 
growth impulse is very great and very constant, so that de- 
viations in the curve of normal growth, when caused by 
insufficiency of diet, may be readily established. The rat 
reaches full growth after two hundred and eighty days and 
lives about three years. 

In r911 Osborne and Mendel! published the first results 
of a prolonged series of valuable contributions to the knowl- 
edge of growth. These authors found that if a single pro- 
tein, like casein, were added to a diet made up of starch, 
lard, agar, and “protein-free milk,” such a diet became 
adequate for the growth of rats during the first two months 
of their lives. This is because it contains “water-soluble” 
vitamins. The “protein-free milk” contains 0.7 per cent. 
of nitrogen, 80 per cent. of lactose, and 15 per cent. of 
inorganic salts, and Osborne and Mendel* estimate that 
2.2 per cent. of milk protein is present. This makes 
0.6 per cent. of the weight of the whole diet, or 3 per 
cent. of the total quantity of protein ingested when an 
isolated protein, like casein, is added to the food in such 
measure as to make the diet contain 18 per cent. of casein. 
In later work Osborne and Mendel state that the “protein- 
free milk” introduces protein only to the extent of 0.13 per 
cent. of the food given. 

Hopkins? showed that a synthetic food, consisting of 
protein, carbohydrate, lard, and the proper salts, became an 


1Qsborne and Mendel: ‘Feeding Experiments with Isolated Food-sub- 
stances, Parts I and II,” Carnegie Institution, 1911, Publication 156. 
* Osborne and Mendel: ‘Zeitschrift fiir physiologische Chemie,” 1912, 
XXX; GLO. 

3 Hopkins, F. G.: “Journal of Physiology,” 1912, xliv, 425. 
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entirely satisfactory diet for growing rats if only 2 c.c. of 
milk were given also. The milk was ‘administered before 
the rest of the diet in order to prove that it was not a lack of 
palatability in the synthetic food which was the cause of the 
failure of the rats to grow. Hopkins also made the very sig- 
nificant discovery that an alcoholic extract of milk solids or 
of yeast, when added to the synthetic diet “‘in astonishingly 
small amounts,” caused normal growth. Though the syn- 
thetic diet contained plenty of calories (see p. 414) growth 
took place only when the accessory substances were admin- 
istered. 

McCollum and Davis! reported that, although young rats 
grew for sixty or ninety days on such diets as have been 
described, yet after this time growth suddenly stopped. It 
could be re-established if butter fat or the ether extract of 
egg-yolk was added to the diet. Apparently, the organism 
runs out of some organic complex which is indispensible to 
normal growth and without which maintenance in good con- 
dition is impossible. 

Osborne and Mendel? independently reached the same 
results. There was a primary growth when a synthetic 
diet which included lard and “protein-free milk” was given, 
followed by failure to grow. If the lard were replaced by 
butter or egg-yolk or cod-liver oil, growth was resumed, but 
almond oil was inefficient in this regard. In connection with 
the high efficacy of cod-liver oil in promoting growth, Osborne 
and Mendel refer to its “popular yet inexplicable reputation 
for unique nutritive potency.” Beef fat was found to be. 
more valuable than lard. 

McCollum and Davis* show that olive oil and cotton-seed 
oil, like almond oil and lard, cannot be used to foster growth, 
whereas the fat of cod testicle and pig’s kidney are very 
efficient. Curiously enough, the fat of the pig’s heart is not 
of value in producing growth. Animal fats and especially 


1 McCollum and Davis: “Journal of Biological Chemistry,” 1913, xv, 167. 
? Osborne and Mendel: Loc. cit., 1913, XV, 311; XVi, 423; 1914, Xvii, 4or. 
3 McCollum and Davis: Loc. cit., IQI4, XiX, 245; 1915, XX, 641; xxi, 179. 
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milk fats have, therefore, nutrient virtues not expressed in 
calories. 

McCollum and Davis! have given to rats a standard 
diet without any fat in it and have brought them after twenty 
to twenty-five weeks to the threshold of death. Then on 
giving the standard diet with an equal quantity of different 
grains the following results were observed: 


Cornmeal, Surprising recovery and growth. 
Wheat embryo, Recovery and growth. 

Entire wheat kernel, Recovery, no growth. 

Rye, Little or no improvement. 

Oats, Little or no improvement. 


The authors remark that such results illustrate the paucity 
of our knowledge regarding the special nutritive value of the 
common cereals. 

Finally McCollum and Davis? describe how, if casein be 
dialyzed against water and acetic acid so that all the salts are 
washed out, this product when given with butter, dextrin, 
and salts causes no growth in rats. 

For a more complete discussion the reader is referred to 
other sources. One may, however, summarize the work upon 
the influence which the ingestion of purified food-stuffs has 
upon growth, as follows: ; 


Purified protein + carbohydrate -+ vegetable fat 


+ inorganic salts = no growth. 
Purified protein + carbohydrate + butter fat 

+ inorganic salts = no growth. 
Purified protein + carbohydrate + vegetable fat 

+ inorganic salts + vitamins* = no growth. 
Purified protein + carbohydrate + butter fat | 

+ inorganic salts + vitamins* = growth. 


* Water or. alcohol extract of peas, rice polishings, wheat, yeast, or “pro- 
tein-free milk,’”’ which are able to cure polyneuritis in a pigeon in a few hours. 


1 McCollum and Davis: “Journal of Biological Chemistry,” 1915, xxi, 179. 

2 McCollum and Davis: Jbid., 1915, xxiii, 231. 

3 Mendel: “Journal of the American Medical Association,” 1915, Ixiv, 
1539; McCollum: ‘‘New York Medical Journal,’ 1916, ciii, 838. 
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The value of the water-soluble and the fat-soluble vita- 
mins is apparent. 

Since the purified protein may be given free from phos- 
phorus without prejudice to the capacity to grow, it is evi- 
dent that an animal, when fed with a diet of pure protein, 
carbohydrate, fat, and simple inorganic salts, may produce 
synthetically lecithin, phosphatids, nuclear material (purins, 
etc.), hemoglobin, and bone-tissue. McCollum states that he 
has never seen growth enhanced by the addition of organic 
phosphorus to a diet. Certain amino-acids, however, must be 
furnished preformed. Mendel and Osborne and McCollum 
and Davis are in essential accord with regard to these under- 
lying principles, and science owes them much for their labo- 
rious and painstaking contributions to this long obscure 
chapter of dietetics. 


In another chapter of this book (see p. 156) the unequal 
nutritional value of the proteins, such as are found in meat or 
gelatin, have been emphasized. This difference in nutritive 
value was set forth by Karl Thomas,! who took starch and 
sugar in large quantity in his diet, determined the minimal 
loss of body protein under these circumstances, and then 
added to the diet food materials containing different pro- 
teins, in order to determine their relative power in sparing 
the body from a loss of tissue protein. The values given 
below Thomas named the biologic values of the proteins 
employed: 

BIOLOGIC VALUES OF DIFFERENT PROTEINS, AS MEASURED 

BY THE PERCENTAGE QUANTITY OF BODY PROTEIN WHICH 

THEIR INGESTION WILL SPARE FROM LOSS 


Omameatanae $4 5 ohiaicke | So TOME CHETrVeIUICe Hs Sotanaes conse: 79 
Cows’ milk REOO MEE V CASEY Anton. oder canes. rh 
ASM era ice oe es cd Was GMMR CASELY ofl ccs dclactatiey cee - 7° 
ERC Raha spogetew este) sss, S802 SS MM INUtTOSE Ya. cs acats suit heap Ne 69 
Cauliflower pees OA SDMACK 3,4 oss gists ears shdee.c 64 
Rerah mets iites bends MEMEE CASH MINES ht aces Gara settor | 56 
OUALOES Hs ca isles re ican avec = TIME CAL LOUD 1. stele so. aeteen > 40 
Gornmeall So. fan sea wan eae 30 


1 Thomas, K.: “Archiv fiir Physiologie,” 1909, p. 219. 
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These excellent experiments show clearly the superior 
value of meat, fish, and milk proteins as conservers of body 
protein when contrasted with the ordinary group of vegetable 
proteins. . 

The reason for this biologic difference lies in the amino- ~ 
acid content of the different proteins, as has been beautifully 
shown in experiments with growing animals. Willcock and 
Hopkins! were the pioneers in this field. They prepared a 
diet in which casein was the sole nitrogenous constituent 
and obtained good growth in mice when this diet was ad- 
ministered to them. When zein, the principal protein of corn, 
was substituted for casein in the diet, the animals declined 
and died in about seventeen days. Addition of tyrosin, 
which zein contains in plentiful amount, was without 
effect upon the length of life. When, however, trypto- 
phan, which, as well as lysin and glycocoll, is absent from 
the zein molecule, was added to the diet in an amount 
equal to 2 per cent. of the total zein given, the animals 
lived thirty-two days. Hopkins suggests the possibility that 
in the absence of tryptophan epinephrin cannot be formed 
and collapse follows. Osborne and Mendel? have maintained 
a rat at an almost constant body weight of 50 grams for one 
hundred and eighty-two days on a food containing zein as 
its dominant protein, with the addition of tryptophan equal to 
3 per cent. of the zein. Since zein is free from the amino-acid 
lysin, it seemed possible that normal growth might be ob- 
tained when the protein in the dietary consisted of zein supple- 
mented by tryptophan and lysin; such, indeed, proved to 
be the case (Fig. 22). 

A striking detail of this work is that at the beginning of 
the experiment a patch of hair on the animal’s back was dyed 
red and this color remained unchanged for six months. When 
lysin was added to the diet and growth was resumed the color 
soon disappeared. New growth became possible in the hairs 


1 Willcock and Hopkins: ‘Journal of Physiology,” 1906-7, xxxv, 88. 
2 Osborne and Mendel: “Journal of Biological Chemistry,” 1915, xx, 35%. 
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as in other parts of the body. The addition of lysin alone to 
a dietary containing zein does not prevent the decline which 


always accompanies the partak- 
ing of a diet which is free from 
tryptophan. 

From the experiments of 
McCollum,! one may calculate 
that gelatin (which lacks tyro- 
sin, tryptophan, and cystin) 
when given with starch to a pig 
in such quantity that the gela- 
tin is the equivalent of the 
“wear-and-tear” quota of pro- 
tein metabolism body protein 
is protected from waste to an 
extent of 39 per cent. (see p. 
283). When zein is adminis- 
tered under similar conditions 
body protein is spared to an 
extent of 73 per cent., thus 
demonstrating the superiority 
of zein to gelatin in this re- 
gard. 

The study of the failure of 
zein to produce growth or to 
prevent decline brings up the 
question as to the nutritive 
value of maize. Osborne and 
Mendel? state that zein and 
glutelin form 72 per cent. of the 
proteins of the maize kernel. 
Glutelin, which is present in 
about one-half the quantity of 
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that of zein, is a complete protein, containing all the familiar 


1 McCollum, E. V.: “American Journal of Physiology,” 1911-12, xxix, 215. 
2 Osborne and Mendel: “Journal of Biological Chemistry,”’ 1914, xviii, 1. 
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amino-acids, and is efficient in producing growth, but there 
is not enough of this higher quality protein to produce more 
than moderate growth. A small addition of a protein like 
lactalbumin, however, to a diet containing maize protein at 
once induced normal growth. 

The corn grain contains little calcium, and the daily addi- 
tion of 2.5 grams to the diet of a corn-fed pregnant sow very 
favorably influences the condition of the offspring. 

Hart and McCollum? noticed that when swine are re- 
stricted to cornmeal and corn-gluten feed there is little or no 
growth, but when salts are added, so that the salt content of 
the ration approximates that of milk, good growth follows. 
The desire for salts may explain the “rooting” of the hog. 
The desirability of a milk addition to the diet of the growing 
hog is emphasized in the following experiment, which shows 
the higher biologic value of the milk proteins as contrasted 
with vegetable proteins. (See also p. 371.) 


EFFECT OF THE KIND OF PROTEIN UPON THE AMOUNT OF 
PROTEIN RETAINED FOR GROWTH 


) 
Prove PROTEIN RE- 
Source or Prorzn Gece Se Cee te | ee 
se Per CENT. 
Crt. ahead dopants eres 109 10.5 20 
Wheaton conciae paces eee 103 11.0 22 
Oats near. ete eos Oe eee ete 04 14.5 23 
4 corn + 4 wheat + 4 oats........ 98 12.3 26 
Wheat.embryo + wheat gluten.... 98 57-9 21 
Casein. Pair oc hinc art reeo emer: 102 16.5 46 
Skiin!milk Reps. ee eat 04 15.5 63 


When vegetable protein was administered in large quan-- 


tity there was about the same percentage retention as when 
it was given in smaller amount. Hence, McCollum con- 
cludes that the limitation of growth when vegetable proteins 

7 Evvard, Dox, and Guernsey: “American Journal of Physiology,” 1914, 
XXXIV, 312. 


2 Hart and McCollum: “Journal of Biological Chemistry,” 1914, xix, 373. 
Consult also Hogan: Jbid., 1916, xxvii, 193. ; a 
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are taken alone is due to the chemical make-up of these 
proteins and not to any diminution in the animal’s power to - 
grow. 

The work of Osborne and Mendel upon the subject of the 
behavior of gliadin, one of the principal proteins derived from 
wheat, has been of very great interest. Gliadin is a protein 
which yields 44 per cent. of glutamic acid and 13 per cent. 
of prolin, these being present in exceptionally large quanti- 
ties. On the other hand, it contains only 0.92 per cent. of 
lysin and very little arginin and histidin. When gliadin is 
the only protein in the diet grown rats may be maintained 
over long periods (546 days), but ungrown rats fail to grow,! 
although the gliadin administered is completely digested and 
absorbed. The animals remain stunted and resume growth 
only when an adequate protein in the diet is offered to them. 
Osborne and Mendel? have stunted albino rats until they 
were 550 days old, and then by a change of diet observed a 
resumption and completion of growth, although ordinarily 
such completion of growth is accomplished before the age of 
300 days. It appears that if in these animals the function of 
growth has not been fulfilled at the usual period of life the 
capacity to grow is never lost. 

If a diet be made up which contains gliadin as the dominant 
protein, and lysin be added so that the protein quota contains 
2 or 3 per cent. of lysin, normal growth is resumed by a rat 
which had been stunted through the influence of the diet poor 
in lysin.3 

The principal proteins existing“in wheat are gliadin and 
wheat glutenin, there being equal amounts of each. Since 
the latter form of protein completely suffices for the growth 
of rats, it is evident that the value of wheat protein is greatly 
enhanced by the presence of this constituent. 

A notable contribution to the knowledge of the relative 
value of lactalbumin and casein has been presented by 


1Qsborne and Mendel: ‘Journal of Biological Chemistry,” 1912, xii, 473. 
2 Osborne and Mendel: Jbid., 1915, xxiii, 430. 
3 Osborne and Mendel: Jbid., 1916, xxv, 1. 
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Osborne and Mendel.! It will be remembered that Thomas 
found that casein was inferior to milk protein for the main- 
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Fig. 23.—Comparison of growth on diets containing approximately the 
same percentage (4.5 per cent.) of different proteins, namely, lactalbumin, 
edestin, casein, globulin (squash-seed), and glycinin (soy bean). 


tenance of nitrogen equilibrium in man. The cause of the 


1 Osborne and Mendel: “Journal of Biological Chemistry,” 1915, Xx, 3513 
I916, Xxvi, I. 
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inferiority of casein is largely due to the fact that it contains 
only 0.6 per cent. of cystin (Fig. 23). 

When 3 per cent. of this latter amino-acid is added to the 
casein content of a diet, Mendel and Osborne found that 
growth in the rat was accomplished with a much smaller 
quantity of protein than when casein alone was given. These 
results are presented in the following table: 


INFLUENCE OF THE AMOUNT OF DIFFERENT VARIETIES OF 
MILK PROTEIN UPON THE GROWTH OF RATS 


PERCENTAGE OF 


PROTEDN 1 THE CASEIN. CASEIN ae Skee Cent. LAcTALBUMIN. 
18 Normal. Normal. 
15 Normal. Normal. 
I2 Little below nor- Normal. 
mal. 
O* Limited. Normal. Normal. 
6 Slight. Good. 
44 Maintenance. Slight. Limited. 
2 Decline. Maintenance. 
I Decline. 


It is evident that a diet containing 15 per cent. of casein 
may be given to rats and produce normal growth, whereas 
when 12 per cent. is present normal growth does not take 
place. The addition of 3:per cent. of cystein to casein so 
that this mixture forms g per cent. of the diet yields a food 
capable of supporting normal growth. There is greater 
value in lactalbumin in promoting growth than in casein 
because the amino-acids are arranged in more suitable pro- 
portions. The protein of whey appears to be as perfect a ma- 
terial for use in the service of growth as any protein known. 

The following table, which is arranged from data given by 
Mendel,' presents the proteins with a supply of which an 
organism may grow, and also those which, if fed, do not pro- 
duce growth of the organism: 


1 Mendel: Harvey Society Lecture, “Journal of the American Medical 
Association,” 1915, lxiv, 1539. 


378 SCIENCE OF NUTRITION 


VALUE OF PROTEINS IN THE FUNCTION OF GROWTH 


ALLow GRowTH. FaILurE TO Grow. 
Caseiniiciice eerie milk. Legumelin........ soy bean. 
Lactalbuminters seraeee milk. Vignin arenes vetch. 
Ovalbumini ns -meee hen’s egg. Gliadine gees wheat or rye 
Ovovitellinwy- eer eee hen’s egg. Legumint....,...)-% pea. 

Edestin. sme: cme hemp-seed. Legumin..........vetch. 

Globulin en eee eee squash-seed. Hordein.......... barley. 

Excelsin. “osehar ee eee Brazil-nut. Conglutin........ lupin. 

Gluteline sea eee maize. Gelatings230 ae: horn. 

Globulinw-e. nearer cotton=seed, "Zens... ce. aes maize. 

Glitenin? torrets wheat. Phaseolin. . . white kidney bean. 
Gly cinin F.assctn seeree ns soy bean. 

Cannabin fier eee eee hemp-seed. 


It is evident from the material presented in this chapter 
that the science of nutrition includes something more than 
the production of energy from fat, carbohydrate, and protein. 
There must be certain salts and certain qualities of protein 
in the diet, and there must be minute amounts of “vitamins.” 
The chemical composition of the latter will some day be 
known,! even as the chemical composition of epinephrin is 
known. Epinephrin, an essential of life, is present in the 
blood to the extent of 1 part in 100,000,000. In like manner, 
vitamins which are present in meat, milk, fresh green vege- 
tables, and grains are essential to the harmonious correlation 
of the nutritive functions of animals. Lafayette Mendel 
first suggested the use of the word “hormone” in connection 
with the vitamins. Gowland Hopkins adopts the term “‘exog- 
enous hormones.” The expression “food hormones” would 
also be exactly descriptive of the nature of these substances. 


1 Williams and Seidell (“Journal of Biological Chemistry,” 1916, XXvi, 431) 
have separated from the filtrate of autolyzed yeast a crystalline antineuritic 
substance which, on recrystallization, lost its antineuritic properties and was 
converted into adenin. The authors suggest that an isomer of adenin is the 
chemical entity responsible for the physiologic properties of the vitamin of 
yeast. They are continuing this inquiry. 


CHAPTER XIV 


THE FOOD REQUIREMENT DURING THE PERIOD 
OF GROWTH 


“Mote and still, by night and by day, labor goes on in 
the workshops of life. Here an animal grows, there a plant. 
The wonder of the work is not less in the smallest being than 
in the largest.”! 

In the last chapter the average food requirement of a 
normal adult organism was discussed. This diet, however, 
may be exceeded in cases where there is a renewal of tissue 
following wasting disease, or where there is a development 
of new tissue, as during pregnancy, or afterward during lac- 
tation, which involves the growth of the newborn infant. 

Tangl? has reported some interesting observations on the 
heat production which takes place in the hen’s egg incubated 
at 38° and 39° F. Tangl called this the “energy for develop- 
ment” or the “ontogenetic energy.”” His method was to de- 
termine the calories in fresh laid eggs and to compare that 
amount with the calories found within the egg-shell at the 
moment of the birth of the chick. In this latter case the chick 
and the balance of egg-yolk were determined separately. 

The results of these experiments showed that for the de- 
velopment of 1 gram of chick 658 small calories were used, or 
for the production of 1 gram of solids contained in a new- 
born chick 3425 small calories were required. 

Farkas’ has since shown that for the development from the 
egg of 1 gram of silkworm larve 882 small calories are re- 
quired, or for 1 gram of dry solids, 3125 small calories, figures 
which he compares with Tangl’s for the egg. 

1Rubner: “Verhandlungen der Ges. der Naturforscher und Arzte,” 1908, 
E Trang: “Pfliiger’s Archiv,” 1903, xcili, 327. 

3 Farkas: Ibid., 1903, xcviii, 490. 
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When the whole hen’s egg is considered, Tang] finds that 
32 calories or 35 per cent. of the amount of chemical energy 
in the original egg is deposited in the body of the young em- 
bryo. The energy of development used in the production of 
the young chick amounts to 16 calories or 17 per cent. of the 
original total. The balance, 44 calories or 48 per cent. of 
the original energy in the egg, is largely found in the abdomen 
of the chick and is absorbed by the animal during the early 
days of life. 

It is apparent from the above that approximately one- 
sixth of the energy in a hen’s egg is used in the development 
of a chick whose body contains one-third the original energy 
of the egg. The other half of the energy becomes available 
for the chick during the first days of its separate life through 
absorption from the intestinal wall. 

Tangl finds that each egg loses in solids during incuba- 
tion, and that the heat value of 1 gram of such solids is over 
g calories. Since 1 gram of fat yields 9.3 calories, the natural 
inference is that fat furnishes the energy for development. 

Hasselbalch' had formerly shown that the respiration car- 
ried on by an egg indicated a respiratory quotient amounting 
to 0.677. This low quotient points to the combustion of fat. 

Tangl? also states that there is no loss of protein nitrogen 
by the egg during incubation, and that the egg-shell con- 
tributes to bone formation in the chick. 

Glaser’ has found that the energy of ontogenesis for 
the eggs of fundulus is similar in quantity to that necessary 
for the hen’s egg and for silkworm larve, and is also evolved 
at the expense of the oxidation of fat. He reiterates Tangl’s 
statement that the specific energy of ontogenesis is not a 
function of phylogenetic position or of organization, but that 
the embryonic construction of different kinds of highly organ- 
ized living forms may take place at the same expense of 
chemical energy. 


1 Hasselbalch: ‘‘Skan. Archiv fiir Physiol.,”’ 1900, x, 353. 
2 Tangl and Mituch: ‘“Pfliiger’s Archiv,” 1908, cxxi, 437; Tangl: Zbid., 423. 
3 Glaser: ‘Biochemische Zeitschrift,” 1912, xliv, 180. 
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There is no change in the intensity of the oxidation 
processes in women during menstruation, a fact first shown by 
L. Zuntz! and confirmed by Du Bois. 

Schrader’ showed that there was a retention of protein 
nitrogen in six women either during the whole menstrual 
period or during the first part of it. This is in compensation 
for the loss of blood. 

During pregnancy in the higher animals not only must 
there be growth of the breasts, of the uterine musculature, 
and of the embryo itself, but there must be energy ex- 
pended in maintaining the new organism; hence the appe- 
tite of the mother increases during pregnancy. Magnus- 
Levy? finds an increased requirement for oxygen on the part 
of the mother as pregnancy progresses. His table is as fol- 


lows: 
OxyceENn In C.C. 


PER Min. 
NOH: NCR DALL pawn ici eA COMER TEPOS fo fo erect fsus ce ote wotve, 2% 302 
Third month of Pregnancy... . 0... es. eves eee “gate ar 320 
Vixey sind sie = 40 3 Gs ie eo ons oy, Cea ea ee ae 325 
Fifth e aah os Se eee 340 
Sixth - DD mw ylheele s 25 i oG can eee 340 
Seventh “ Se Pe Std nO eee eve a 348 
Eighth “ BP Wc 61d s oly dee ch ae eee 363 
Ninth “ He Ry SG so nak en ee ee 383 


Rubner' called attention to the fact that the mammalian 
embryo has no appreciable weight in relation to the mother 
until the middle of the gestation period, and, in fact, up to 
this time the metabolism of the mother is usually found to be 
unchanged. At term, however, the weight of the child is 
between 5 and 6 per cent. that of the mother, and when the 
various adnexa are considered the mother loses during par- 


1Zuntz, L.: “Archiv fiir Physiologie,” 1906, p. 3 

2 Gephart and Du Bois: “Archives of Internal Sedivias: 1916, Xvii, 907. 

3 Schrader: ‘Zeitschrift fiir klinische Medizin,” 1894, xxv, 72. 

4 Magnus-Levy: ‘Zeitschrift fiir Geburtshiilfe u. Gynikologie,” 1904, lii, 
116. Also see Magnus-Levy: von Noorden’s “Handbuch des Stoffwechsels, ” 
1906, i, 409. 

’Rubner: “Archiv fir Hygiene,” 1908, Ixvi, 177. 

§Zuntz: “Ergebnisse der Physiologie,” 1908, vii, 430; “Archiv fiir Gyna- 
kologie,”’ 1910, xc, 452. 
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turition the equivalent of 20 per cent. of her postpartum 
weight. 

Experiments which were carried out by Carpenter and 
Murlin' present an admirable picture of metabolism under 
the change in conditions effected by parturition. These 
authors investigated the heat production of three pregnant 
women in the “bed calorimeter” of the Carnegie Nutrition 
Laboratory and followed this with similar determinations 
upon the same women after parturition, each woman being 
placed in the calorimeter several times, alone and also with 
her offspring. Observations were made during one to three 
weeks preceding parturition and during about two weeks fol- 
lowing the event. 

A summary of the results is presented in the following 
table: 

METABOLISM BEFORE AND AFTER PARTURITION. THE MET- 


ABOLISM OF THE CHILD WAS DETERMINED BY DIFFER- 
ENCE 


EIGHT ATORIES CALORTES CALORIES 
it Ke. fe Howr. ee eg 
Case I: 
Before‘partuntionsee nr: 63.0 60.7 31.4 0.96 
‘Alter parturiiiony... eee eee 51-4 53-9 ee) I.05 
Difference saeesee De eee 11.6 6.8 
Clhd aea eees eee eeee 2.7 7.3 30.5 2.70 
Case IT: 
Before parturition: ..0s40) - 58.0 64.7 esp E. 
After partusition, wae se eee 48.5 59.0 30.2 I.2T 
Differences: oe ae een 9.5 Ber , 
Childixcacge. agen eee a4 9.8* 34.9 2.88 
Case III: 
Before parturition.............. 69.1 70.6 34.0 1.02 
After parturition’. as.ce ee 60.1 60.4 31.9 I.00 
Difterencé) : Sao eee 9.0 10.2 
Child eczete See a 9-3 34.8 2.90 
Average: 
Before parturition..........+.. 63.4 65.3 33-4 1.03 
After parturition. -.; sce esas 57.8 33.2 1.09 


* Child cried during the experiments. 
1 Carpenter and Murlin: , “Archives of Internal Medicine,” 1911, vii, 184. 
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In cases I and III the metabolism of the child alone was 
almost exactly equal to the decrease of the metabolism of the 
woman which ensued after parturition. The authors point 
out that during parturition the mother loses a considerable 
weight of material, such as liquor amnii, blood, membranes, 
placenta, etc., which themselves participate little or not at 
all in the production of heat. In the cases here cited the 
heat production of the newborn infant averages 2.6 times 
that of the mother when the calculation is based upon the 
calories produced per kilogram of body weight. It is prob- 
able, though not experimentally demonstrated, that the 
youthful, growing protoplasm in utero is also endowed with 
a high metabolism per kilogram of body weight. In the preg- 
nant condition the average weight of these three women was 
63 kilograms, and 33.4 calories were produced per square 
meter of surface. After parturition the average weight was 
53 kilograms and the heat production 33.2 calories per square 
meter of surface. Using Meeh’s formula, the average heat 
production of women between twenty and fifty years old, as 
determined by Benedict and Emmes,! is 32.3 calories per 
square meter of surface. Herein lies a most remarkable con- 
firmation of the “law of skin area’ (see p. 129). Notwith- 
standing a sudden loss of 10 kilograms, or nearly 20 per cent. 
of the body weight, as well as the loss of tissues with very 
uneven capacities of heat production, the sum total of energy 
production is not altered by gestation or parturition from 
the common standard of mammalian metabolism as based 
‘upon the surface area. ‘i 

The three mothers nursed their children throughout the 
days of experimentation. It appears that lactation does not 
increase the heat production. This is not strange, since the 
rearrangement of food materials in the preparation of milk 
depends upon hydrolytic cleavages and syntheses which in- 
volve hardly any thermal reactions, and also because it is 


1 Benedict, F. G., and Emmes, L. E.: “Journal of Biological Chemistry,” 
IQI5, XX, 253- 
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known also that the secretory activity of a gland, such as the 
kidney when it eliminates urea or sodium chlorid in increased 
quantity, has no influence upon the total heat production of 
the body. 

The findings of Hasselbalch! are not essentially different 
from those of Carpenter and Murlin. 

The composition of the urine, as regards its various con- 
stituents, is scarcely changed in pregnancy. Thus, Murlin 
and Bailey? found that the output of ammonia was not in- 
creased, that the relative quantity of urea decreased because 
of protein retention, and that the quantity of oxidized inor- 
ganic sulphur also decreased for the same reason, retention 
for protein synthesis. The “creatinin coefficient” fell, which 
the authors explain as being due to the addition of inert mate- 
rial to the mother’s body. 

On empirical grounds von Winckel’ for many years used - 
the following diet for pregnant women with, he says, “ex- 
cellent results”: 


Protein? j,i er ree go grams. 369 calories. 

Bat iar ancora em age ietor ts Sty 27 okt Aee 

Carbohydratesacvaeemeeeea200. 82057 
Total ergy ee tae ts ort ret arntnee rete tc Ae, 1440 calories. 


This certainly seems a very low ration and one hardly com- 
patible with furnishing the full calorific requirement. It was 
employed to prevent an excessive growth of the child within 
the uterus. 

Murlin‘ has made experiments on the total metabolism in 
pregnant dogs. From one animal a single puppy was born as 
the result of a first pregnancy and a litter of five from a later 
one. The following results were obtained: 


1 Hasselbalch: “Skan. Archiv fiir Physiologie,” 1912, xxvii, 1. 
2 Murlin and Bailey: ‘Archives of Internal Medicine,” 1913, xii, 288. 
3 yon Winckel: yon Leyden’s ‘“Handbuch der Ernaihrungstherapie,” 1904, 
li, 460. 
"4 Murlin: Proceedings of the American Physiological Society, “American 
Journal of Physiology,” 1909, xxiii, p. xxxil. 
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EXCRETA. 
D CALORIES 
ee eel Dare. vipat ‘ 
Total N. | Total C. 
Third before....... June 23) 8.6 50.4 551.3 |\One puppy born. 
Wisse Alter. owes os a5 | June 27 8.4 65.8 640.6 |{Weight, 280 grams. 
Nineteenth after... ./ July 15 res 51.6 505.3 | Sexual rest. 
Third before....... Dec. 11 6.8 74.7 764.9 |\Five puppies born. 
Pirstvaiter.). w.-.7.. Dec. 15 8.3 100.6 1058.8 |{Weight, 1560 gms. 


The increase of metabolism which can be attributed to the 
pregnant condition may be found by subtracting the metabo- 
lism during sexual rest from that observed just before parturi- 
tion. By so doing the following figures were obtained: 


First pregnancy, 551.3 — 505.3 = 46 calories daily for one puppy of 280 grams. 
Second pregnancy, 764.9 — 505.3 = 259.6 calories daily for five puppies of 
1560 grams. 


This extra metabolism was proportional to the weight of 
the puppies at birth. In the case of the first pregnancy the 
extra metabolism was 164, and in the second 165 calories per 
kilogram of puppy dog delivered three days later. 

It is interesting to note that the mother and her five newly 
born puppies together produced twice as much heat as did the 
non-pregnant mother alone. The experiments were all made 
at a temperature of between 27° and 28°C. It is evident that 
the puppies suckled by the mother and exposed to the outside 
temperature had a larger metabolism than they had had in 
utero. For the proper maintenance of the five offspring the 
mother with a normal metabolism of 505 calories would have 
to produce milk to provide for a metabolism of about 550 
calories in the puppies, and still more to furnish material for 
their rapid growth. 

Ostertag and Zuntz! report that a sow may yield a milk 
rich in fat (12.9 per cent.), and in such quantity that the energy 


1Qstertag and Zuntz: ‘“Landwirtsch. Jahrbiicher,”’ 1908, xx«vii, 226. 
25 
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content may amount to from two- to fivefold that required for 
the mother sow’s metabolism. 

An extraordinary phenomenon which has been observed 
in dogs and rabbits is that during the early weeks of preg- 
nancy there is a loss of nitrogen from the mother’s body even 
when the food ingested would be entirely sufficient to main- 
tain nitrogen equilibrium under usual circumstances.! Jager- 
roos quotes Ver Ecke’s description of this as “‘the sacrifice 
of the individual for the good of the species.” It seems 
certain that the development of the fetus is accompanied by 
the destruction of the maternal protoplasm, perhaps, as 
Murlin has suggested, in order to afford hereditary building 
stones for the laying down of the youthful protoplasm in 
accordance with the type characteristic of the species. 

This is the period of the “morning sickness,” established 
in pregnant women during the fourth to sixth week, and ac- 
companied by lack of appetite, vomiting, emaciation, and 
usually sallowness of face. Dissimilation of tissue and gastro- 
intestinal disturbances are accompanying phenomena. 

One of Murlin’s? experiments covering the period of ges- 
tation in a dog is given below: 


WEEKLY NITROGEN BALANCE IN A PREGNANT DOG 


CALORIES IN 
Wenn. poco eee hh a aaa 

| ee tes cnet goo 52.287 63.116 —8.83 
bh reesei ac erect Coes 976T 56.063 60.893 — 4.83 
LU ae eee 976 56.063 62.031 —5-07 
TV geek cae 976 56.063 64.508 —8.44 
A Eee 976 56.063 62.504 —6.53 
VI ite Tete eee 976 56.063 60.064 — 4.00 
VU Ses te ee 976 ' 56.063 54.262 +1.80 
VITL werd Groene 976 56.063 47.042 +9.02 
LUXS ty ih Oaeeee 976 32.036 25.867 +6.25 

* Four days only. t 60.7 calories per kilogram. t 61.0 calories per kilogram. 


1 Hagemann: “Inaugural Dissertation” Erlangen, 1891; Jagerroos: “Archiv 
fiir Gynikologie,” 1902. Ixvii, 517. 
2 Murlin: “American Journal of Physiology,” 1910, xxvii, 177. - 
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This shows the large loss of maternal protein commencing 
immediately after conception and continuing for six weeks. 
Only during the last two weeks is there a marked conservation 
of protein as manifested in the pronounced nitrogen retention. 

Some very instructive experiments have been performed 
to ascertain the course of the protein metabolism before and 
after pregnancy in women. 

Zacharjewski! investigated the nitrogen metabolism of 9 
pregnant women. In 3 primipare, nourished on diets con- 
taining an average of 16.5 grams of nitrogen, there was an 
average daily retention of 1.4 grams in the mother’s organism 
for thirteen days before parturition. In 6 multipare the diet 
contained 20.6 grams of nitrogen, and there was a daily reten- 
tion of 5.12 grams of nitrogen during the last eighteen days of 
pregnancy. The figures correspond to a considerable con- 
struction of protein tissue within the organism. After child- 
birth there was always a loss of tissue nitrogen by the mother. 


' In 1 case nitrogen equilibrium was established on the fifth 


day, and in another on the fourth. In 6 cases the loss of body 
nitrogen continued over a longer time. Zacharjewski says 
that the process of involution of the uterus is greatest during 
the first five to seven days after delivery, and the high nitrogen 
output from the mother is the result of this. After the elimi- 
nation which is due to these regressive changes there is a 
retention of nitrogen. This is probably attributable to the 
building up of the mammary glands, for Slemons? shows that 
nitrogen equilibrium, once established, was constantly main- 
tained in a woman who did not nurse her child. 

The complete record of the nitrogen elimination of a nurs- 
ing mother, one of Slemons’ cases, is here reproduced. It is 
especially instructive on account of the constancy of the 
quantity of nitrogen in the diet. The woman was a negress 
who gave birth to a healthy, vigorous child. 


1Zacharjewski: “Zeitschrift fiir Biologie,” 1894, xxx, 405. 
2Slemons: ‘Johns Hopkins Hospital Reports,” 1904, xii, 121. 
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PROTEIN METABOLISM BEFORE AND AFTER CHILDBIRTH 


(WEIGHTS ARE IN GRAMS) 


Days BEFORE AND NIN Nin Nin Nin N IN N 
AFTER DELIVERY. Foon. URINE. FECEs. MILK. Locura. | BALANCE. 
TT) Sine ee 20.5 II.9 fe se +8.12 
TO%s Jide ts pentane 19.2 16.6 re see +2.07 
OS leis crac oa ter ees 18.0 10.9 ee ie +6.57 
Pee ee EOS = lo esas 16.9 C70 ae oe —0.77 
Wits Slain Dex anete mate ere 12.3 13-7 Pe 5 —2.05 
ORS cakes eee 19.2 T3538 0.53 ns be +5.390 
Roper ee ee rao « 19.2 12:0 ; ae se +6.57 
Angee seee teh ee 19.2 14.1 ae se +4.54 
2 situps aac Pape nee 18.0 72-3) Le ce +5.12 
PRE Bas as WM Si is 14.9 12.3 : 4 ne + 2.06 
Ti59 aPs eees eE 8.0 Lr.5 Ae be — 4.00 
Delivery.eeee eee 4.2 8.4 ne Shu 
Lissette ae wey 13.3 < 2.31 —9.66 
PUR ORR Pn aro WX tc et 1327 mz02 0.15 1.99 —2.79 
Zui, nd meee eee 19.0 15.8 1.04 1.61 —0. 57. 
Ae. Sad Tetra Oe 19.0 18. 1.14 1.99 I.19 —4.13 
Sci dra oe een 20.0 15.6 ‘ 2.02 1.05 +0.15 
O.hn Wiis eee ete 20.0 21.8 Des 1.4 == 055 
UO AACA na Odeon ehh 19.0 18.1 2.02 0.84 —3.14 
OS eiicra~ crater ee eee II.0 16.8 2.02 0.28 —9.2 
TOS nda to ciate 19.8 12.1 1.18 a +4.89 
BON. tne sly ate es 18.8 rs.3 1.29 - +0.57 
2 it) Ae eas Se 19.9 1353 dh, at +3.39 
PY Ey Mere Ores rate 0753 0-7 1.6 1.58 i +4.39 
23s tn Ake AG Ree ee 18.0 13.9 1.85 mi +0.68 
BA. acitunhoens eRe 18.75 II.4 2.03 Py +3.72 
PA ee Beenie, chy Bes coy 0c 19.0 15.6 1.58 of —0.16 


During the last days of pregnancy there was an average 
daily storage of 2.98 grams of nitrogen, and for eight days of 
the puerperium an average loss of 4.5 grams. Later, between 
the nineteenth and twenty-fifth days after parturition, there was 
an average daily storage of 2.52 grams of nitrogen. This may 
have been for the purpose of increasing the size of the breasts. 
It must be remembered that even during the period of involu- 
tion an increase in the mammary glands may have been taking 
place at the expense of protein derived from the uterus. So 
the debit balance of nitrogen during this period may not repre- 
sent all the protein change taking place. 

An elaborate experiment upon the subject of the met- 
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abolism of the pregnant woman was carried out by Hoffstrém,} 
and extended over the period of the last twenty-three weeks 
of pregnancy. He computes the probable composition of 
the ovum at the end of the sixteenth week and compares 
that with the estimated composition of the child at birth, and 
also computes the constituents of the food retained for the 
_growth of the child and the mother: 


RETAINED FROM Foop DurInG TWENTY-THREE 
WEEKS. CompPosITION 
oF Ovum, 
SIXTEENTH 
Total. For Mother. For Fetus. WEEK. 
Grams. Grams. Grams. Grams. 
INR eM Sa ie coe 310.05 208.57 101.48 4.28 
12 xe ee he eee 55.88 34.0 18.0 0.67 
ee che ee eee ee 34.31 4.2 30.12 0.38 
IVE remade trast. 2.44 1.46 0.98 0.026 


There was an irregular retention of magnesium. Rapid 
growth of the fetus began during the twenty-ninth week of 
pregnancy, at which time the calcium retention by the organ- 
ism greatly increased and the excretion of calcium in the 
feces of the mother diminished. The retention of materials 
by the mother herself represents the requirement for the 
growth of the uterus, the breasts, the gluteal and leg muscles. 

Hoffstrém gives the following computation of the growth 
of the fetus: 


GROWTH OF THE HUMAN FETUS COMPUTED FROM THE TABLES 
OF MICHEL 


~ 


N. P: Ca. Me. 


ieee Content | Added | Content | Added | Content | Added | Content | Added 
of Ovum. |per Week.| of Ovum. |per Week.) of Ovum. |per Week.| of Ovum. |per Week. 


TOcn-| 4.28 TiS 0.67 0.20 0.38 0.41 0.026 | 0.017 
BO 8.81 a I.47 he 2.03 ae 0.095 rae 
be ted ae 1.81 SA 0.25 Se 0.43 ae 0.017 
25 aes 23.25 a 3.58 Et 5-39 ? 0.234 Aas 
20). 5 6.87 1.28 2.00 0.064 


a 105.76 6.87 18.93 1.28 30.51 2.09 1.004 0.064 


1 Hoffstrém: “Skan. Archiv fiir Physiologie,” 1910, xxiii, 326. 
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It is obvious that during the last ten weeks of pregnancy 
a diet which is rich in calcium is indicated, or there may be a 
withdrawal of calcium from the mother’s bones. Cows’ 
milk contains much calcium and is a highly desirable ad- 
dition to the dietary of the pregnant woman. (See p. 
374-) 

Rubner and Langstein! have investigated the metabolism 
of two prematurely born infants. One of them was born at 
the end of the seventh month of pregnancy and weighed 
2050 grams. On the eighth day the child weighed 1900 grams, 
and then gained an average of 28 grams daily until the 
twenty-seventh day, when it weighed 2360 grams. At this 
point respiration experiments were introduced. During the 
next eleven days the child gained 39 grams daily. During this 
same period the child received each day 1.04 grams of nitrogen 
in milk and retained 0.52 gram, or 50 per cent. of the intake. 
At this period, which would have corresponded to the begin- 
ning of the eighth month of pregnancy, the addition of pro- 
tein to the child amounted to only one-half that computed 
by Hoffstrém for the fetus of the same age. The fat retained 
per day averaged 14.6 grams. The diet contained 126 calories 
per kilogram of body weight, of which 73 were used for heat 
production (973 calories per square meter per day) and 53 
were deposited in the growing infant. In all, 42 per cent. of 
the calories ingested in the food were retained for growth, a 
remarkably large amount. The so-called “growth impulse” 
must have been very great. The second prematurely born 
infant showed the same capacity for: protein retention as the 
first, but the amount of fat retained was much less. 

The mother, previously described as having been investi- 
gated by Slemons, had plenty of milk, and the baby gained an 
average of 30 grams a day during the first forty days of his 
life. 

Slemons remarks that the low protein metabolism, as indi- 
cated by the urinary nitrogen of the period of settled lactation, 

1 Rubner and Langstein: “Archiv fiir Physiologie,” 1915, p. 30. 
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is a proof that there can be no important production of milk 
fat from protein. 

In the above experiment it will be noticed that the nitrogen 
of the milk is small in quantity as compared with the urinary 
nitrogen. On a strictly vegetarian diet the relation would 
change. Thus Voit! found 48.8 grams of nitrogen in the milk 
of a cow and 93.7 grams of nitrogen in her urine for the same 
period. 

The influence of nutrition on the production of milk has 
been the object of countless investigations, but unfortunately 
most of these experiments have been conducted for commercial 
purposes on cows and goats. These animals, with their funda- 
mental ration consisting of hay, do not allow of the ingestion 
of simple foods. On the other hand, the milk supply of even a 
large bitch is very limited in quantity and is with difficulty 
obtained. The writer is not aware of any systematic obser- 
vations on the composition of human milk as influenced by 
food, although such researches would seem of great impor- 
tance. 

Perhaps the most valuable research which can today be 
used is an old one of Voit? upon a bitch weighing 34 kilograms. 
It confirmed the previous work of Kemmerich and of Ssubotin, 
and has since been verified by Grimmer.’ The animal was 
given meat alone, meat and starch, meat and fat, starch alone, 
fat alone, and was also starved. The influence upon the milk 
secretion was found to be comparatively small. The research 
is a model of completeness, the plan of which could well be 
copied in an experiment on a human being. 

A part of the results are given on page 392. 


1Voit: ‘Zeitschrift fiir Biologie,” 1869, v, 122. 
2Voit: Ibid., 137. of 
3 Grimmer: ‘“‘Biochemische Zeitschrift,” 1914, lxviii, 311. 
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INFLUENCE OF DIET ON THE COMPOSITION OF THE MILK OF 
A DOG WEIGHING 34 KILOGRAMS 


Foop. Mnrx. 
Other Proteia,| Fat, | Sugar, 
Day. e Food, Ave ana Grams Fae ne ease ee Per a 
rams. | Grams. amb. J . ‘ *| Cent. | Cent. | Cent. 
6. 1000 |300starch| 34 IIs I.I 8.8 3.1 5.07 7.70 2.71 
7....| 1000 | 200 fat 34 144 I.4 10.8 3.8 6.86 7.50 2.67 
Be 1000 | 200 fat 34 135 I.I 11.3 2.9 6.22 8.39 2.15 
9....| Mixed 
diet Sorts ue I5t 1.4 13.9 3-4 6.37 9.22 2.24 
TOL 5 500 |4oostarch| 17 138 n2 11.3 3.8 5.83 8.190 2.78 
1I..:..| “500 |gcofat 17 168 1.6 16.5 4.2 6.06 9.83 2.52 
EZ sea) oearv. saat ae 149 1.5 13.8 3-9 6.36 9.24 2.65 
M9 sash) starve eo a 118 I.0 12.2 3.0 5.62 | 10.32 2.58 
ny Ae a6 soostarch| .. 137 I.I 10.1 4:3 5-41 7.39 3.11 
16....| 2000 eae: 68 158 1.6 16.1 4.4 6.68 10.17 2.82 
TZ via). :2000 eae 68 161 1.7 14.7 4-7 6.78 Q.II 2.91 


The largest quantity of milk, as well as the richest in pro- 
tein, was obtained when meat or meat and fat were ingested. 
Curiously enough, a diet of 500 grams of meat and 300 grams 
of fat gave milk of the same amount and quality as did 2000 
grams of meat. It is usually said that a large protein diet 
stimulates the milk secretion; but this may also be due indi- 
rectly to the development of the gland cells. 

The milk-sugar content was scarcely affected by the diet, 
although a slight percentage increase was observed after starch 
ingestion. 

The fat content was increased in starvation to its highest 
percentage. It was not very greatly affected by adding fat to 
a meat diet and it was greatly reduced by giving carbo- 
hydrates. 

The action of fasting on the fat content of milk is better 
shown in the herbivorous goat. The writer! gave a milch goat 
a constant diet of hay, cornmeal, and bran, starved the animal 
for two days, and then continued the former diet. The fat 
content of the milk was determined. The results were as 
follows: 


1Lusk: “Zeitschrift fiir Biologie,” 1901, xlii, 42. 
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Mrrx In C.C. Fat In G. Fat IN PER CENT. 
OOO ance ean teass? alalel de eraahser ss 6h & 26.50 5-70 
aie 2 pum cael Ch ciara oe ei ee 25.90 5-52 
ee Nae tikes tinue, 1 23600 o) : 
aes. achsrinecsn ozs nee ei cere Peres ine 6.23 Starvation, 
a Ree ia ALM Pet nya oi cus Peay cl x 18.75 8.08 
Tote h ad Used SG Oe Oty Sen ene 16.30 5-47 
FA Pons TURAN Parone Ste ote ats stay se) Se 14.04 5-61 
Cb Ga doch areca Er eee ae ee 22.30 6.16 
BOOM ame tate siarezct a a nie e aa 2770 5.66 


In fasting, therefore, the fat content in the milk of the her- 


‘ bivorous goat approaches that contained in the carnivorous 


dog. With a return to the normal diet the fat content in goat’s 
milk is reduced to its former level. 

Morgen, Beger, and Fingerling! find that a diet rich in 
carbohydrate and poor in fat produces in sheep and goats a 
poor milk containing little fat, although the general condition 
of the animals remains perfect. Addition of protein increases 
the quantity of the milk without changing the low fat per- 
centage. Replacement of some of the carbohydrate with 
isodynamic quantities of fat, up to 0.5 to 1.0 gram per kilo- 
gram of animal, largely increases the fat content of the milk 
and thereby its nutritive value. 

Contrary to this is Jordan’s? statement that the amount 
of fat in the fodder is without influence upon the fat content 
of a cow’s milk. Here the breed of the cow and not the diet 
is the determining factor. The German agricultural stations 
have recently reached the same conclusion. Morgen’ states 


- that the principal cause of the difference in the results of the 


experiments on cows and on sheep and goats lies in the fact 
that the smaller animals produce more milk for their weight 
than do cows, and, therefore, the milk production is much 
more dependent on the food supply. 

Newer work by Prausnitz‘ concludes that although food 


1 Morgen, Beger, and Fingerling: ‘Landwirtschaft. Versuchsstationen,” 
1904, Ixi, 1. 

2 Jordan and Jenter: “New York Agricultural Experiment Station,” 1897, 
Bulletin 132; 1901, Bulletin 197. 

3 Morgen, Beger, Fingerling, and Westhauser: ‘Landwirtschaft. Versuchs- 
stationen,”’ 1908, Ixix, 295. 

4 Helle, Miiller, Prausnitz, and Poda: “Zeitschrift fiir Biologie,” 1912, 
Wiii, 355. 


3904 SCIENCE OF NUTRITION 


does not determine the quantity of protein, lactose, or ash in 
cows’ milk, yet the percentage of fat, and hence the caloric 
value of the liter of milk, may be considerably influenced by 
variations in the diet. 

It has long been known that ingested fat may appear in 
the milk of an animal. Gogitidse! has shown that after giving 
linseed oil to sheep their milk fat may contain 33 per cent. of 
linseed oil. He also finds? that the fat of linseed oil passes 
readily into human milk, and that the fat of hempseed, while 
influencing the composition of the milk, greatly depresses lac- 
tation during the period of its ingestion. 

Hart and Humphrey*® have shown that the protein con- 
tent of the milk varies very little even though a cow may be 
losing her own flesh to furnish the milk. Thus, when a cow 
was given a food with a ‘nutritive ratio” of 1:8, that is, 
1 part of protein to 8 parts of carbohydrate and fat, a positive 
nitrogen balance was present provided milk protein was given 
in the diet, but when protein was administered in the bio- 
logically lower form of wheat protein, a negative nitrogen 
balance resulted. The quantity of protein in the milk, how- 
ever, remained unchanged. 

These facts are shown in the following table: 


N INTAKE FECAL ABSORBED URINE Mik BALANCE 
PER WEEK, N, N, WN, N, N, 
Grams. GRAMS. Grams. Grams. Grams. GRAMS. 
Wheat ration...... 953 404 549 464 227 —142 
Milk ration....... 968 350 618 286 220 +112 


“Milking the flesh off the back” is, therefore, a reality. 
During lactation a ration high in protein is wisely dictated 
and the biologic status of the protein must also be con- 
sidered. 

According to similar laws, Fingerling* finds that a fodder 
deficient in calcium has no effect upon the calcium content 

1 Gogitidse: ‘Zeitschrift fiir Biologie,” 1904, xlv, 365. 

2 Gogitidse: Ibid., 1905, xlvi, 403. 


3 Hart and Humphrey: “Journal of Biological Chemistry,” 1915, XXi, 239. 
4Fingerling: “Landwirtschaft. Versuchsstationen,” 1911, lxxvi, 1. 
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of the milk, the organism providing this material. Further- 
more, Lauder and Fagan! found that the addition of 225 grams 
of calcium phosphate to a fodder already containing the same 
content of that salt did not alter the calcium content of 
cows’ milk. Von Wendt? states that ingestion with the fodder 
of sodium chlorid, calcium carbonate, calcium hydrogen phos- 
phate, calcium glycerophosphate, sodium phosphate, or mag- 
nesium bromid is without definite influence upon the com- 
position of the milk. The lactic glands, therefore, prepare 
a fluid of very definite composition specifically designed for 
the offspring of the species. 

How may the various effects of diet be explained? The 
subject requires a knowledge of the processes going on in the 
mammary gland, and these are not certainly known. It has 
been generally believed that the cells of the mammary glands 
undergo a fatty metamorphosis and, themselves breaking up, 
pass into the milk (Voit, Heidenhain). The milk under these 
circumstances might be regarded as the substance of an organ, 
made fluid. 

Schafer,? however, believes the process to be one of secre- 
tion similar to that in the salivary glands, where the cells pre- 
pare the special constituents and pass them on to the lumen. 
Thus casein, like ptyalin, may be specially elaborated within 
gland cells. 

If this be the true explanation, the influence of food, in the 
writer’s opinion, may be readily explained. An increased pro- 
tein ingestion furnishes the digestive products of this sub- 
stance in liberal quantities and may increase the activity of 
the gland. 

The milk-sugar content of the milk remains remarkably 
constant. Cremer, for example, has shown that the per- 
centage of milk-sugar in the milk is unchanged in the cow 


1 Lauder and Fagan: ‘Proceedings of the Royal Society of Edinburgh,” 
IQI4—-15, XXXV, 195. 

2von Wendt: “Skan. Archiv fiir Physiologie,” 1909, xxi, 89. 

3 Schafer: “Text-book of Physiology,” 1898, i, 667. 

‘Cremer: “Zeitschrift fiir Biologie,” 1899, xxxvii, 78. 
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after diminishing the sugar content of the animal by inducing 
phlorhizin diabetes. 

To explain the fat content of the milk the writer offers the 
following theory: When for any reason sufficient sugar is 
not oxidized in the body cells, these sugar-hungry cells attract 
fat. It has already been seen that the glycogen and fat con- 
tent of the liver are antagonistic. Before lactation sets in, the 
cells of the mammary glands oxidize sugar and there is no 
great attraction for fat. It is believed that milk-sugar cannot 
be formed in any great quantity before parturition, because it 
occurs in the urine only postpartum.! That milk-sugar is 
not formed outside of the mammary glands was demon- 
strated by Moore and Parker,? who completely removed these 
glands from a goat during the period of gestation, and later 
at the time of parturition found no sugar in the urine. Had 
milk-sugar, which cannot be oxidized by the organism, been 
formed outside the glands it would have accumulated in the 
blood and have been eliminated in the urine. When in the 
process of lactation the glucose furnished by the blood is 
converted into milk-sugar (which cannot be burned within 
the organism), the mammary cell becomes a sugar-hungry 
cell which at once attracts fat from the blood. This theory 
of the writer explains the production of milk fat by the process 
of infiltration. The variation of the percentage of fat in the 
milk may be explained by the quantity of fat in the blood. 
During starvation the blood becomes rich in fat on account of 
the transportation of tissue fat to the cells. Administration of 
sugar at once reduces the supply of fat in the blood. But if fat 
be ingested with carbohydrates the blood becomes rich with 
this fat and affords material for a rich milk. 

Administration of good cream with a substantial mixed 
diet is highly to be recommended for nursing mothers. The 
daily production of a liter of milk, which has a value of 640 . 
calories, indicates the necessity of no small addition to the 


1Lemaire: “Zeitschrift fiir physiologische Chemie,” 1896, xxi, 442. 
2 Moore and Parker: ‘American Journal of Physiology,” 1900, iv, 239. 
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daily ration, if the woman is to bear satisfactorily the strain 
of lactation. Probably this extra nourishment is best given 
in the form of fat. 

Should the fat of the milk disagree with the infant, the 
trouble may be due to the kind of fat ingested by the mother. 
If, however, the indigestion be due to a large percentage of fat, 
a carbohydrate diet may be used to reduce the percentage in 
the milk. 

It may be added that Véltz and Paechtner! report that 
after moderate ingestion of alcohol only minimal quantities 
of it are found in human milk. 

A very important fact regarding the nutrition of the young 
is that the milk of one race is specifically adapted to the growth 
of the offspring of that particular race. Bunge? found that 
dogs’ milk had an ash of exactly the same composition as the 
ash of the newborn puppy. The ash of the milk was, there- 
fore, perfectly adapted for the construction of new puppy 
tissue. It was, however, very different in composition from 
human, or cows’, or other milk. Only in the case of iron is 
the quantity lower than corresponds to the composition of 
the offspring, but this factor is offset by the fact that the 
animal when newborn is richer in iron than it is at any other 
period of life. Not only this, but the caseins of different milks 
are different in chemical behavior. And besides this, the 
rennin of the stomach is said to be specifically adapted for 
the coagulation of the casein produced by the female of the 
same race.3 a : 

Furthermore, the percentage quantity of the constituents 
in the milk is dependent upon the rapidity of the. growth of 
the organism. Bunge‘ has shown this in the following com- 
parative table: 

1 Véltz and Paechtner: ‘Biochemische Zeitschrift,” 1913, lii, 73. 
* Bunge: “Zeitschrift fiir Biologie,” 1874, x, 3206. 


3 Kiesel: ‘Pfliiger’s Archiv,” 1905, cviili, 343. 
4Bunge: ‘Lehrbuch der physiologischen Chemie,” 1898, p. 118. 
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Tre In Days 
FOR THE NEW- 
BORN ANIMAL 


TO DOUBLE 100 PARTS OF MILK CONTAIN 

Irs WEIGHT. PROTEIN. ASH. Catcrum Oxi. 
Manes.oasse saeemee 180 1.6 0.2 0.328 
FIOLS@ pec eh neice s eres 60 2.0 0.4 0.124 
Call: Cascio eae 47 Da 0.7 0.160 
Kid. 4.tace ene ieee 19 4.3 0.8 0.210 
1a aeeanco Gowan 18 5-9 
Lambs wicca eee Io 6.5 0.9 0.272 
Dog. ce CO 7.1 163 0.453 
Catasr tet en tate 7 9-5 


Camerer! finds that human milk, drawn three to twelve 
days after parturition, contains 0.2 milligram of iron (Fe20s) 
per too c.c., while the later milk contains 0.1 milligram. The 
quantity is decreased if the environment or the condition of 
the mother be poor.? Edelstein and Csonka’ state that 1 liter 
of cows’ milk contains 0.7 milligram of FeO; (0.6 to 1 mg.), 
which is one-third to one-half the quantity contained in 
human milk. Using the customary methods of infant feeding 
with cows’ milk, the infant obtains too little iron. 

Blauberg! reports the following percentage absorption of 
the ash of cows’ and human milk: 


Per Cent. MILK 


Kinp oF MILk. SUBJECT. AsH ABSORBED. 
COWS) etree A Ptcta iced ister nsec ekttere ae Infant. 60.70 
‘Dilutedicows eee eet tert eases ¥ 53-72 
Aum ance ee hls ee eee eee ee 3 79.42 
Humans. tines nto ee rer tom aoe Se 81.82 
Cows) ft os hdc Ge ee ites ie acon sare: Adult. 53-20 


The quantity of calcium in cows’ milk is in excess of the 
needs of the human infant. 

The absorption of the energy-containing constituents of 
the milk is remarkably constant. This is illustrated in the 
following table made from Rubner’s experiments,’ which 
shows the physiologic utilization of the total calories of milk: 


1Camerer: ‘Zeitschrift fiir Biologie,” 1905, xlvi, 371. 

*Jolles and Friedjung: ‘Arch. fiir experimentelle Path. und Pharm.,” 
tgo1, xlvi, 247. 

3 Edelstein and Csonka: “Biochemische ae ” IQII-12, XXXVill, 14. 

*Blauberg: “Zeitschrift fiir Biologie,” 1900, xl, 4 

5Rubner: Tbid., 1899, xxxviil, 380. For fiviiet statistics of absorp- 
tion consult Tangl: “Pfliiger’s Archiv,” 1904, civ, 453. 
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Per CENT. OF CALORIES 


ABSORBED. 
TAREE Kone P is rye tc tac taeror ava, ay onc-c0s; 23 ters ass 2 91.6 to 94.0 
PIGLedicowSe eM dee eon acs sche so aN © ore 90.7 
Diluted cows’ milk + milk-sugar................. Q2.2 
Same piven to stunted) infante2s . 3.6. cscs. aac ale so 87.1 
Cows milkjisiven to an adultes: ass. -...-- sae wns 89.8 


As regards the relative composition of average cows’ and 
human milk five and one-half months after parturition, the 
following comparison may be made: 


PERCENTAGE COMPOSITION OF COWS’ AND HUMAN MILK 


Cows’. Human. 
I II.2 1.3 Il.4 
PrOtels wes cherie tare alee 3-41 a2 I.0 T-52 
tHe tte are ct oe oe 3.65 3.9 3.0 3.28 
Malk=sugatiers cae. nner ome 4.81 ee 6.4 6.50 


Or, expressed in the relative calorific value of the different 
constituents, this comparison may be given: 


PERCENTAGE DISTRIBUTION OF CALORIES IN COWS’ AND 
HUMAN MILK 


Cows’. Human. 
I aI 
IPEOLCII MRE cele ete s waave a Meee st os ois: a asl 21.3 7.4 
LENS eth sin ag See eli PR eee is ga 49.8 43.9 
Miike stare eer Sarstedt todd eiiesanicte cas «ois 28.9 48.7 


Here, then, there are tremendous differences of composi- 
tion, which fact forces the conclusion that cows’ milk is not to 
be substituted for human milk in rearing a child. 

Patein and Daval® find that human milk after the first 
month of lactation contains but 0.8 to 1 per cent. of casein. 

Another distinction between cows’ and human milk is that 
the former contains but little extractive nitrogen, while the 
latter may contain 18 to 20 per cent.” in that form. These 
nitrogenous extractives contain a considerable amount of 


1 Rubner: Von Leyden’s “Handbuch,” 1903, i, 95. 

2 Van Slyke, ‘“Modern Methods of Testing Milk and Milk Products,”’ 1907. 
Average of 5552 American analyses. 

3 Rubner and Heubner: “Zeitschrift fiir ex. Pathologie und Therapie,” 
TOO5, 1, I. 

4Séldner: “Zeitschrift fiir Biologie,” 1896, xxxiii, 66. Average of the 
milk of 5 women. 

5 Rubner: ‘“Energiegesetze,”’ 1902, p. 418. 

6 Patein and Daval: ‘Journal de Pharm. et de Chimie,”’ 1905, xxii, 193. 

7 Rubner and Heubner: Loc. cit. 
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carbon. Meigs and Marsh! state that human milk contains 
1 per cent. of unknown extractive substances which are al- 
most free from nitrogen. This is probably one of the causes 
of the increase of the ¢ ratio (see p. 38) to over unity in the 
urine of breast-fed infants. 

From the standpoint of chemical analysis Abderhalden? 
could find no distinctive quantitative difference between the 
amounts of various amino-acids in human and bovine milks. 

A recent analysis’ presents the following data as regards 
the probable composition of human milk: 


Per CENT. 
Fat opis Sh whic: Geen tyeletc cee ale © ele coe eC va ese ie re ee eee 3.30 
Lactose: cisco ccilere ee cinta, nine te ctery, ore SUN eae Re eR eT 6.50 
Proteins;combined: with calciumiace eee ee een ene 1.50 
Calcium chlorid.i3. 2 dave. ckie nar ccins Rien eee eee 0.059 
Monopotassium\ phosphates. asian seit ere etree eee 0.069 
Sodium. citrate. sn chro ua eet oe eee 0.055 
Potassium citrate. nd nc doce oe ee Eee 0.103 
Monomagnesium! phosphate, ae. see reer een eee 0.027 


The large protein content of cows’ milk may be bad for the 
child. In the first place it clots in a heavy mass in the baby’s 
stomach; and in the second place, even though it be digested, it 
is relatively much above the requirement of the organism, and 
its specific dynamic action increases the amount of heat pro- 
duced. (See p. 406.) 

If cows’ milk be diluted with 2 or more parts of water 
its protein content may approach that of human milk and its 
precipitation by rennin in the stomach is in the form of flakes. 
The writer’s father, following a suggestion of Abraham Jacobi, 
used oatmeal or barley water as a diluent of milk given to 
babies. The precipitation of cows’ casein takes place in very 
fine flakes when the milk is mixed with barley water, as was 
shown by Chapin. 

Chapin’s observations, in which the writer assisted, have 
been confirmed by White,® who says that this action is due to 
the presence of ? to 1 per cent. of dissolved starch. 


1 Meigs and Marsh: “Journal of Biological Chemistry,” 1913-14, xvi, 147. 

2 Abderhalden and Langstein: ‘Zeitschrift fiir physiologische Chemie,” 
1910, Ixvi, 8. : 

3 Bosworth: ‘Journal of Biological Chemistry,” 1915, xx, 707. 

4 Lusk, W. T.: “Science and Art of Midwifery,” 1891, p. 258. 

5 White: “Journal of the Boston Society of Medical Sciences,’’ 1900, v, 139. 
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The dilution of cows’ milk, however, reduces the quantity 
of fat and carbohydrates, and these must therefore be added to 
the milk in order to make a proper diet for a child. 

To obtain a sufficient fat content, “‘top milk,” rich in fat, 
may be taken from milk which has been standing, and may be 
mixed with water. Milk-sugar may then be added. 

Such a milk, called ‘modified milk,” was first introduced 
by Rotch, of Boston. Infants are brought up on it with greater 
success than was the case when undiluted cows’ milk was given. 

Human milk has a varying calorific value dependent 
largely on the amount of fat present. Thus Schlossmann! 
finds that the calorific value per liter of nineteen samples of 
milk from 19 women averages 719 calories, with a maxi- 
mum of 876 and a minimum of 567. The milks having the 
largest fuel value contained 5.2 to 5.1 per cent. of fat, while 
that having the lowest contained only 1.8 per cent. 

The amount of the child’s metabolism is dependent on 
his size. Rubner states that a baby weighing 4 kilograms 
produces 422 calories, an adult weighing 4o kilograms, 2106 
calories, but that the metabolism per unit of area is the same. 

Rubner and Heubner? summarize their results on the 
metabolism of differently conditioned children as follows: 


’ CALORIES PER SQ. 
Weicut in Kc. “METER OF SURFACE. 


Infant of stunted growth............ 3 1090 
intant atthe breasts >... cheese oe 5 1006 
nmfantron cows milk. -eee saw «as 8 1143 
intantatethe breast2. ...-tasans ceo ae) 1219 


The metabolism in all these cases was essentially the same 
per unit of area. 

In the last case the very noticeable amount of muscle 
movement and crying while the child was in the respiration 
apparatus increased the metabolism. Further details regard- 
ing this case give a very complete picture of the metabolism of 
an infant. The child weighed 4.06 kilograms at birth, and 


1 Schlossmann: “Zeitschrift fiir physiologische Chemie,” 1903, xxxvii, 340, 
*Rubner and Heubner: “Zeitschrift fiir ex. Pathologie und Therapie,” 
1905, i, I. 
26 
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about 1o kilograms at the time of the experiment when five 
and a half months old. He was given his mother’s milk. 
The first day of the experiment the child was very uncom- 
fortable on account of his new environment. The last day he 
was given only a small quantity of tea, and was therefore in 
a state of practical starvation. The carbon dioxid excretion 


on these days was as follows: 
Grams oF CO2 


IN 24 Hours. 
BAnst.... icc steven cos: Magee ee tee ee ee 278.8 
SOCON 5: viscera ahs se esandeove SAR eae cep athe arene rae oe SO 219.9 
Third 5.0... 2 daceah ok eee oe BOE ee eee 228.1 
Fourth. 45.5 4.2 ok sees cee een ae CR eT eee 231.1 
Fifth o5 o.oo. Siro galec 0 ela Sate oe ee eee eee 218.2 


The diet on the second, third, and fourth days consisted of 
1258 grams of human milk per day containing: 


Total nitrogenae... 2s nce cia nie eet er eaenee 1.99 grams. 
Batic cn tie tone ea veer Gio ot cn tee eee 37 1ae ae 
Milk-suigans: hice sobre nthe cee eee 85.5 f 


Of the total nitrogen only 1.63 grams were contained in 
true protein, the rest being in nitrogenous extractives. The 
percentage composition of this milk is given on page 399. Its 
actual nutritive value was 634.5 calories. 

The balance sheet of the respiration experiment showed the 
following daily result: 


METABOLISM OF AN INFANT 


NIN N IN N IN N Bat- Cin Cn Ex-| C Bat- 


ToraL 
= 
Foop. URINE. Excreta.| ANCE: Foon. CRETA. ANCE. 


Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
2,3,4.| Milk. | 1.99 T13 T.S30 |) HO. On| ORs 65.8 —=2.1 
Bare NODES eee 1.18 eo AP eerie AE 60.8 —60.8 


The infant was nearly in calorific equilibrium during the 
period of milk ingestion. There were 634.5 available calories 
in the milk and 660.5 calories produced in the metabolism. 

The quantity of the protein metabolism was extremely 
small, being 9.6 grams according to the usual method of com- 
putation. The milk contained protein to the extent of 7 per 


i i 
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cent. of its total calorific content. Of this only 5 per cent. was 
metabolized and 2 per cent. was added to the body: The 
metabolism of an infant may therefore be maintained on a diet 
in which 5 per cent. of the energy is supplied by protein and 
95 per cent. by fats and carbohydrates. 

The specific dynamic action of the milk was almost negli- 
gible, the metabolism being approximately the same during the 
period of feeding as during that of starvation. Curiously 
enough, the protein metabolism was the same on days of milk 
ingestion as in starvation. The “wear and téar’” quota was 
covered by a “repair” quota of equal amount. (See p. 282.) 

This child gained normally in weight before and after the 
respiration experiment, but during that time struggling and 
crying prevented fat addition to the otherwise well-developed 
normal infant.! 

Schlossmann and Murschhauser? note that, whereas during 
the first and second days of fasting an infant may eliminate 
16 and 15 milligrams of urinary nitrogen per kilogram of body 
weight, return to a normal diet results in the elimination of 
only 8 milligrams per kilogram. This illustrates the avidity 
with which, under favorable conditions, all available protein 
is used for growth. 

W. Camerer, Jr.,? showed that a breast-fed infant nine 
months old may ingest 480 calories in the milk, produce 420 
calories in metabolism, and add 60 calories to his body, or 15 
per cent. of the energy content of the diet. In this case 4o per 
cent. of the protein intake was added to the growing organism. 

Rubner and Heubner‘ have reported a respiration experi- 
ment on a child seven and a half months old nourished with 
modified cows’ milk. The intake was 682.8 calories, the 
metabolism 593.2, leaving 89.6 calories, or 12.2 per cent. for 
addition to the child’s organism. 

It is remarkable that a child’s intuitive appetite should 

1Heubner: “Jahrbuch fiir Kinderheilkunde,” 1905, lxi, 430. 

2 Schlossmann and Murschhauser: “‘Biochemische Zeitschrift,” 1913, lvi, 355. , 


3 W. Camerer, Jr* “Zeitschrift fiir Biologie,” 1902, xliii, 1. 
4Rubner and Heubner: Jbid., 1899, xxxviii, 345. 


404 SCIENCE OF NUTRITION 


determine the ingestion of nutriment necessary to cover the 
energy requirement of his organism, and a small addition for 
normal development. A reduction of 15 per cent. in the in- 
take of food would bring his prosperous growth to a standstill. 

Heubner! says that the average normal infant requires 100 
calories per diem per kilogram of body weight for normal nutri- 
tion during the first three months of his life, go calories during 
the second three months, and 80 and less thereafter. The 
energy content of the food should never sink below 70 calories 
per kilogram, which is about the maintenance minimum. 

The so-called “scientific feeding” of infants is unworthy of 
the name unless the calorific requirement is carefully consid- 
ered. From lack of this knowledge babies are frequently sys- 
tematically starved. 

It is evident from this discussion that the fundamental, 
basal metabolism of the infant cannot be determined during 
long periods in which crying is an ever-entering factor. Schloss- 
mann and Murschhauser,? for example, have found that the 
metabolism of an infant may double during an hour of move- 
ment when the baby would not be quieted, but cried intensely. 
. The resting metabolism of this child five months old was 
estimated at 859 calories per square meter of surface in 
twenty-four hours. The same authors* have shown that a 
change of environmental temperature between 22° and 17° C. 
has no influence upon the heat production of the infant. 
Hasselbalch‘ in 1904 investigated the metabolism of newborn 
babies and established the fact that the respiratory quotient 
of the child at birth was about unity, which indicates that the 
earliest source of its energy requirement is derived from stored 
glycogen. This was confirmed by Bailey and Murlin, who 
also showed that on account of insufficient nourishment the 

1 Heubner: “Berliner klinische Wochenschrift,” 1901, xxxvili, 440. 

2 Schlossmann and Murschhauser: ‘“Biochemische Zeitschrift,” 1910, xxvi, 
a 3 Schlossmann and Murschhauser: Ibid., 1911, xxxvii, 1. 

4 Published in Danish; English translation by F. G. Benedict and Talbot 


i “The Physiology of the Newborn Infant,” 1915, Carnegie Institution Bul- 
etin 233. 
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respiratory quotient fell to the fasting level within twenty- 
four hours. 

The principal recent work upon this subject of the metab- 
olism of children has been accomplished in the United States. 
It was begun by John Howland and continued by Benedict 
and Talbot, and by Murlin and Bailey, and Murlin and 
Hoobler. 

Howland’s! experiments are the only reported calori- 
metric observations upon infants, and the close concordance 
between direct and indirect calorimetry as observed in hourly 
periods in these experiments gave confidence to subsequent 
observers that by the careful determination of the respiratory 
metabolism alone the actual heat production could be readily 
computed. 

Howland gives the following summary of work with a 
normal male infant (Child I) five months old and with a boy 
(Child III) six months old who weighed only 3 kilograms and 
was literally “skin and bones.” The children were fed with 
diluted milk with the addition of milk-sugar: 


CORRESPONDENCE BETWEEN DIRECT AND INDIRECT CALOR- 
IMETRY IN INFANTS 


CALORIES PER SQ. M. 
PER DAY. DIFFrER- 
Foon. ENCE IN 
PER CENT. 
Direct. Indirect. 
ASHI PeneNUlicne,.t.c cis ot Ace At aee Oe 1046 1084 
a II13 II74 2 
1196 1164 
Same?=}> Dutroses. 0-28). dns as 1218 I179 3 
Same ++ nutrose............... 1204 r180 
1235 1212 0.6 
1181 1250 
AStUN Ge era Wee auc cabats, occa) oreo ie: 1106 1177 
1226 1156 2 
1301 1243 
Sh eTire OU 00 Goh eye > ee ee a, 858 793 
913 933 2 
VET aera eis Chase G8 ao cle aiclsse a. 825 840 


‘Howland: “Zeitschrift fiir physiologische Chemie,’’ ro11, Ixxiv, 1; 
Transactions XV International Congress of Hygiene, 1912, ii, Part 2, 438. 
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To compute the surface area of children Lissauer’s formula 


(10.3 % Weight?) is usually employed, though Howland has 
suggested one of still greater accuracy. 

Just as in the case of the adult (see p. 476), the emaciated 
organism of an infant produces less heat per square meter of 
surface than the normal organism. Howland reported an- 
other case in which he determined the heat production of an 
eight-year old child, emaciated to a most extreme degree and 
almost devoid of musculature. The average heat production 
was 13.2 calories per hour, or 809 per square meter of surface 
per day. : 

Lusk! pointed out that, whereas the metabolism of the dog 
and of a human dwarf was about 775 calories per square meter 
per day under conditions of complete rest, that of the two 
normal infants who were the subjects of Howland’s experi- 
ments was 1100 calories per unit of surface. Howland’s work 
furthermore showed that when nutrose was added to the diet 
there was a pronounced specific dynamic action, the heat 
production rising from 14.9 to 18.8 calories per hour, an in- 
crease of 26 per cent. Vigorous crying also increased the 
metabolism in the same child from 14.85 to 20.6 calories per 
hour, an increase of 39 per cent. (See p. 407.) 

In 1914 Benedict and Talbot? published a monograph 
which included metabolism studies upon 37 infants, as the 
result of which they concluded, “We find ourselves thoroughly 
convinced that the metabolism is determined not by the body 
surface, but by the active mass of protoplasmic tissue.” 

Bailey and Murlin? published observations upon the 
metabolism of 6 newborn infants shortly after the publication 
of a preliminary communication by Benedict and Talbott 
upon the same subject, which they later reported in detail.® 


1Lusk: ‘Transactions XV International Congress of Hygiene,” 
Part 2, 400. 
2 Benedict and Talbot: “The Gaseous Metabolism of Infants,” Carnegie 
Institution of Washington, 1914, Bulletin 201. 
3 Bailey and Murlin: “American Journal of Obstetrics,’”’ 1915, Ixxi, 526. 
4 Benedict and Talbot: “Amer. Jour. of Diseases of Children,” 1914, viii, 1. 
5 Benedict and Talbot: ‘‘The Physiology of the Newborn Infant,’’ Carnegie 
Institution of Washington, ro15, Bulletin 233. 
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' In the same year Murlin and Hoobler! published their results 
concerning the energy metabolism of 10 hospital children 
and at the same time summarized the work of their predeces- 
sors and contemporaries. They pointed out that the heat 
production of sleeping children between the ages of two months 
and one year was about 2.5 calories per kilogram per hour; in 
other words, they state that 60 calories per kilogram per day 
may be called the heat production of normal, recently fed, 
sleeping infants. The newborn babies had a metabolism less 
than this, which did not exceed 48 calories per kilogram per 
day. Murlin was the first to emphasize that when age was 
taken into consideration there was a constancy in the heat 
production per square meter of surface. Two charts taken 
from Murlin illustrating the relations described are repro- 
duced on pages 408 and 4o9, and the chart of Du Bois showing 
the influence of age on metabolism should also be consulted. 
(See p. 127.) 

In gratifying accord with this interpretation is the more 
recent announcement of Benedict and Talbot that in 48 new- 
born infants 80 per cent. of their cases showed a metabolism 
which was within 6 per cent. of 640 calories per square meter 
“per day. Per kilogram of body weight 48 calories is given by 
them as the maintenance minimum. 

In practical dietetics one must add to the maintenance 
requirement sufficient nourishment to provide for the crying 
of the child, and also the very considerable ee to meet the 
demands of growth. “4 

The amount of energy expended by the crying of an infant 
will vary with the infant, for during this form of exercise the 
heat production is raised at least 40 per cent. It is certain 
that Heubner’s figure of 100 calories per kilogram of body 
weight during the first month of the infant’s nutrition is in 
excess of the requirement. Probably 80 calories per kilogram 
of body weight will be found to suffice during the whole of the 


1Murlin and Hoobler: ‘Amer. Jour. of Diseases of Children,” rors, 
ix, 81. 
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Fig. 24.—Showing relation of heat production to body weight. All infants 
wh aa has been studied by von Pettenkofer or Regnault-Reiset 
methods. 


FOOD REQUIREMENT DURING THE PERIOD OF GROWTH 409 


SPP SSrN eee Saree 
He 


tt fo 
IMIS iy ca 
KD ERURERASR EARL AEC 


Fig. 25.—Showing relation of heat production to skin surface. All infants 
whose metabolism has been studied by von Pettenkofer or Regnault-Reiset 
methods. 
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first year of life, and the physician should remember very defi- 
nitely the lower limits. It is not infrequent that a crying 
infant.is merely hungry. 

Oppenheimer! first called attention to the fact that the 
growth in grams of normal breast-fed children of the same age 
may be nearly proportional to the quantity of milk ingested. 
Here the milk presumably had the same calorific value through- 
out the experiment, although this could not be determined. 
The quantity of milk taken at each meal was found by weigh- . 
ing the infant before and after nursing. Oppenheimer’s table 
is here reproduced: . 


GROWTH IN GRAMS FOR 1 KG. MILK 


FEER’s OpPENHEIMER’S 
Monta. SUBJECT. SUBJECT. 
| Ora wer teria Moen Gd AAO 33.8 95.0 
|B Ree ge ine rerio an We cutan pik te IQI.2 201.1 
LEA eer atin Aerie cihs ioticiers | 120.3 138.5 
| a or a eo cae ook 102.6 103.3 
Ve coer oo eee ae Ba 120.8 


The proportion of growth to milk given was practically the 
same during the second, third, and fourth months of these 
children’s lives. 

That the growth of suckling pigs may be proportional to 
the calorific value of the milk has been shown by work ac- 
complished by Dr. L. C. Sanford and Dr. Margaret B. Wilson? 
in the writer’s laboratory. Newborn pigs of two litters 
were reared on skimmed cows’ milk and on the same milk 
fortified with 2 and 3 per cent. of glucose or of milk- 
sugar. The experiments were continued from fourteen to 
sixteen days. The results obtained in these experiments are 
thus tabulated: 


1 Oppenheimer: ‘Zeitschrift fiir Biologie,’ roor, xlii, 147. 
? Wilson: ‘American Journal of Physiology,” 1902, viii, 197. 
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GROWTH OF SUCKLING PIGS 


WItson. SANFORD AND Lusk. 
power? Lactose. | GLucosE. pre Lactose. | GLUCOSE. 

Weight in grams when 

Otis ett eee eee aN age fey) ae. tel 1000 1050 1152 
Weight in grams when 

(at eG Eee ee ee: oe ae 2,205 2,435 2471 1246 1890 2000 
Growth in grams....... 883 1,140 986 264 838 848 
Growth in per cent..... 66.8 88.0 66.4 20.4 79-7 73.6 
Milk fed in c.c.........]10,925 |11,005 | 9707 6826 8836 9481 
Available calories fed. .| 4,053 | 5,216 | 4620 2339 3736 3072 
Growth in grams per : 

Miter of milk.:....... 81 114 IOI 38 05 89 
Growth in grams per 

1000 calories fed..... 218 215 213 114 222 213 


It is seen that the growth of the pigs in grams was directly 
proportional to the calorific value of the food to the organism. 
The one exception was that of an ill-nourished pig fed with 
skimmed milk. This was an improperly nourished animal 
taking too little food and remaining behind his fellows in 
normal development. But that 5 out of 6 pigs of different 
litters, of different sizes and differently fed, should have gained 
in weight respectively 213, 214, 215, 218, and 222 grams per 
thousand calories in the food ingested seems more than a 
coincidence. 

It may be further calculated that to form 1 kilogram of 
body substance containing 28.7 grams of nitrogen and 866 
calories requires the ingestion of 4637 calories in the food. 

A pig doubles in weight in eighteen days after birth. The 
pig of Dr. Wilson, brought up on skimmed milk with 3 per 
cent. of milk-sugar added, nearly doubled in weight in sixteen 
days. 

Comparing the fuel value of sows’ milk and that of the 
skimmed cows’ milk to which milk-sugar had been added, 
the following results are significant. Of 100 calories in the 
food there are: 
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SkrmMEpD MILK + 3 PER 


Sows’ Mrx.1 CENT. MILK-SUGAR. 
Protein gak.ac ave eit eee 19.5 36.5 
Pats ic4 its. athehe oe ee eee 7250 Ps 
Carbohydratess- 7 -o- see ae eee es 61.0 


It is apparent from this that normal growth of the young 
organism may be attained by the replacement of fat by milk- 
sugar in isodynamic quantity. This fact may become of 
importance in infant feeding. 

Dr. Wilson found, when the pigs reared on these diets 
were killed and their composition compared with that of 3 
pigs of the same litter which were killed at birth, that there was 
a retention for growth of r8 to rg per cent. of the energy in the 
food. 

In children Camerer found 15 per cent., Rubner and Heub- 
ner 12.2 per cent. so retained. 

The percentage of calcium (CaO) in the dry solids of the 
pigs reared on the various skimmed milks was 8.29, 8.02, and 
8.13, showing that the absorption of calcium depended on the 
growth of the organism, and not on a variation in the quan- 
tity ingested. 

There is apparently a fixed and definite tendency toward 
uniform growth. Schapiro? found that if young kittens were 
chloroformed twice daily their growth was retarded in compari- 
son with normal control animals. However, on stoppage of 
the chloroform treatment, the greater rapidity of growth dur- 
ing an after period fully compensated for the earlier delay in 
development. (See Chapter XIII, p. 375.) 

Lusk has shown that if an amino-acid, such as alanin, be 
added to the diet of a dog there is a considerable stimulation 
of metabolism. (See p. 240.) Mendel, in unpublished experi- 
ments (cited here by permission), has demonstrated that the 
addition of alanin to the diet of growing rats has no influ- 
ence whatever upon their rate of growth. Rubner* set forth 


1 Calculated from Ostertag and Zuntz: ‘‘Landwirtsch. Jahrbiicher,” 1908, 
XXXVii, 211. 

~ Schapiro: Proceedings of the Physiological eee “Journal of Physiol- 
ogy,’’ 1905-6, xxxiii, p. xxxi. 

8 Rubner: “Archiv fiir Hygiene,” 1908, Ixvi, 43. 
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that the conditions which determine the ‘wear and tear” 
quota of protein metabolism and those which determine growth 
by the addition of a ‘growth quota” from protein in the diet, 
are entirely dissimilar, although without metabolism growth 
is impossible. Mendel’s experiments show conclusively that 
the stimulation of the general metabolism itself in no way 
affects the fundamental capacity to grow. 

Another instance which demonstrates that the young 
organism may grow in proportion to the energy ingested in the 
food is brought to light by calculations based on the work of 
E. Rost.!. This author gave meat, fat, and bone-ash to three 
dogs of the same litter, the experiment starting on the ninety- 
eighth day of their lives and continuing eighty-eight days. 
The writer has thus calculated the results: 


Doe I. Doc II. Doe III. 


Weight in grams at start.......... 3,200 2,200 4,150 
Weight in grams at end........... 6,280 4,640 8,750 
Growth im Prams? s,j002. 20. 3,080 2,440 4,000 
Growthiim: per cent..y.... J. sess 96 IIo 110 
Available calories ingested........ 24,420 17,336 34,276 
Gain in grams per too calories 

BEI EST CCR ee teen as ee ere 122 I41 134 


It is worthy of note that these growing dogs, fed with meat 
and fat, gained in weight nearly the same number of grams 
‘per 1000 calories ingested in the food. This law of growth 
seems reasonably established. It simply expresses the fact 
that during the normal development of the young of the same 
age and species a definite percentage of the food is retained 
for growth irrespective of the size-of the individual. 

Rubner,? in apparent ignorance of this work of Dr. Wilson, 
has arrived at essentially the same conclusions, and he finds 
that the law is true regarding all species (horse, calf, sheep, 
pig, dog, cat, rabbit) except man. He formulates the “law 
of constant energy expenditure” as follows: The amount of 


1Rost: “Arbeiten aus dem kaiserlichen Gesundheitsamte,” roo1, xviii, 
200. 

2 Rubner: ‘Das Problem der Lebensdauer und seiner Beziehung zu Wachs- 
tum und Ernahrung,” 1908. 
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energy (calories) which is necessary to double the weight of the 
newborn of all species (except man) is the same per kilogram 
no matter whether the animal grows quickly or slowly. To 
construct one kilogram of normal body substance containing 
30 grams of nitrogen and 1722 calories, 4808 calories are re- 
quired except in the case of man, where six times that amount 
isneeded. This is almost in exact agreement with the experi- 
ments of Wilson. . 

The same principles apply to the growth of rats, as may be 
seen from the following, calculated from the results of Funk 
and Macallum,! who fed these animals during twenty-eight 
days: 


STUNTED 20 
NormMat. CoNTROLs. Days. 
Numberor tatsia-eem aacier 2 2 Bi 
Weight in grams at start.. 29 O75 27.0 
Growth in grams.......... 40 42 65 
Available calories ingested. 1223 1216 1895 
Gain in grams per 1000 
calories ingested........ 32.7 34.5 34.3 
Calories for construction of 
I gram new tissue....... 30.6 29.0 29.1 


In the work of Hopkins? different sets of rats were given 
the same food in different quantities, and the following table 
has been calculated from the results obtained after nine days 
of food ingestion: 


Numbertofirats sed 30) ci eaten oe 12 14 18 15 
Calories ingested daily per 100 grams of 

rats, live welghive: 6 merce eee AGu) 50. Wisse OO 
Average initial weights, grams.......... 45.3 45-2 42.2 43.2 
Gainhiniorams Onrats sarong neater 8:8, 6 50:3) DT tao 


Gain in grams per rooo calories ingested. 48 51 Lee ae ays 


Another lot of rats when given 65 calories per hundred 
grams live weight refused to eat all their food. It is of 
great interest that, notwithstanding the restriction of the 
dietary below the limits set by the appetite in some of the 
experiments, yet the gain in the weight of the rats is nearly 

1 Funk, C., and Macallum, A. Bruce: “Journal of Biological Chemistry,” 


IQ15, XXiii, 413. 
? Hopkins: “Journal of Physiology,” 1912, xliv, 425. 
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proportional to the calories in the dietary. Evidently, ample 
protein, together with calcium and other salts, was present for 
the construction of new tissue in all the rats. Aron! has 
shown that when growing dogs are given too little energy in 
their food, the skeleton may grow and the weight increase, 
though the caloric content of the animal may diminish. 

Rubner finds in all species the constant retention of ap- 
proximately the same percentage of the energy ingested, which 
averages 34.3 per cent., except in the case of man, where the 
energy retained for growth is only 5.2 per cent. He states 
that 4o per cent. of the energy ingested may be retained for the 
growth of pigs, whereas Dr. Wilson found only 20 per cent. so 
retained. This is because the pigs in the latter case were 
given skimmed milk, and the added tissue substance was found 
on analysis to have a heat value of only 866 calories per kilo- 
gram, instead of 1722 as assumed by Rubner. 

It is therefore evident that while it requires the same energy 
equivalent to construct one kilogram of new substance in 
young animals, the percentage of energy retained for growth 
may depend upon the amount of fat in the diet. 

Rubner states that if the requirement for energy in the 
various animals be placed.at 100, then the amount of energy in 
the food actually ingested by them averages 202. This corre- 
sponds to Dr. Wilson’s computation of the energy ingested by 
the growing pigs, which averaged 2100 calories per square 
meter of surface, as compared with a normal requirement of 
1089. Dr. Wilson explained this high energy requirement as 
being partly due to growth and partly to the extreme activity 
of the little animals. A human infant does not require this 
large excess of energy in his food, probably because he is kept 
warm and sleeps much of the time. ! 

Finally, Rubner has calculated that the quantity of energy 
metabolized in a kilogram of living cells from maturity to death 
is the same in different animals, except in the case of man, who 
again occupies an exceptional position. 


1 Aron; ‘‘Biochemische Zeitschrift,’’ 1910-11, Xxx, 207. 
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This is represented in the following table: 


LENGTH OF 

Bou? Wetonn |; Uescng or) | eosea te 

3 AFTER Maturity. | Bopy SUBSTANCE. 
Mani: ) Mics reeeseiae nears 60. 60 7755770 
Oise: ae aoeeneertoae 450. 30 169,900 
Cows acann ea nee 450. 26 141,090 
DOSS sx. ac terete Hoeebeameneects 22. 9 163,900 
Cate Soe re ere Cone 2: 8 223,800 
Guinea-pizs) 2 ee 0.6 6 265,500 


Rubner finds that among the animals each kilogram of 
adult body substance metabolizes an average of 191,600 
calories and then dies. Man alone has power in his proto- 
plasm to use a much larger share of energy in the furtherance 
of his activities. 

Bunge! has recalled the relationship between rapidity 
of growth and longevity, as orginally suggested by Flourens 
in 1856. This writer believed that if the time of reaching 
the end of growth be multiplied by 5, the average term of 
life might be computed. This relationship may be tabulated 
as follows: 


TABLE SHOWING FLOURENS’ LAW OF LONGEVITY 


Tove rn Days TIME IN DEDUCED Maximum ReE- 
FROM BrrTH Years UnTIL | AVERAGE Lon- | corDED Lon- 
TO DouBLE FuLi GEVITY IN GEVITY IN 
BIRTH-WEIGHT. GrowTH. YEARS. YEARS. 
Mantsr; eaeetce oe 180 20 QO-100 152-169 
Camels.c Jaane err ff 8 40 100 
Horsect ns: eeenee 60 5 25 50 
Cow. 47 4 15-20 ae 
Lions. “aston 4 30 60 
Cat: Anite Roe 0% 13 9-10 20 
Dogs is ar aaaee 9 2 10-12 24 


Bunge calls attention to the fact that a horse more often 
lives to be forty than a man to be a hundred. Either the law 


1 Bunge: “Pfliiger’s Archiv,” 1903, xcv, 606. 
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is false, or man is a too early victim of an improper heredity 
or environment. 

Very little has been accomplished upon the subject of the 
mineral metabolism of growing children, so the following work 
of Jundell! is of especial interest. Two boys, K. and N., were 
given a diet during ten days containing 2.9 grams of protein, 
2.7 grams of fat, 10.8 grams of carbohydrate, and in all 81 
calories per kilogram of body weight daily. The mineral 
metabolism as calculated per kilogram of body weight daily 
was as follows: 

MINERAL METABOLISM OF K. (53 YEARS OLD, WEIGHT 18.4 KG.) 


AND OF N. (73 YEARS OLD, WEIGHT 23.1 KG.) IN GRAMS PER 
KG. PER DAY 


INTAKE. FECES. URINE. RETENTION. 


K. N. K. N. K. N. K. N. 


Total ash | 0.747 | 0.697 | 0.134 | 0.124 | 0.469 | 0.429 | -+0.144| +0.144 


1a Gage a 0.144 | 0.136] 0.049 | 0.043 | 0.064 | 0.064 | +0.032]| +0.030 
CaO......| 0.060 | 0.076] 0.050 | 0.042 | 0.007 | 0.045 | +0.003 | +0.029 
Mg0O.....| 0.071 | 0.065 | 0.047 | 0.041 | 0.010 | 0.008 | +0.014 | ++0.016 
K-ORe..s2) O-LAL |.0,136)| 0.012 O1OL3* | O.TL0 0.106 | -+0.012| +0.018 
Na2O.....| 0.345 | 0.224] O.o1r | 0.012 | 0.104 | 0.103 | +0.231| +0.110 
Claret 0.344 | 0.324] 0.003 | 0.004 | 0.309 | 0.292 | +0.032] +0.028 


It may be calculated from this table that the older boy 
took 1.8 grams of calcium oxid in his food daily and retained 
about 0.07 gram. If the intake had been solely in the form 
of cows’ milk, not far from a liter would have been required. 
One of the most important questions of the time concerns the 
determination of the quantity of salts in the food necessary to 
prevent malnutrition in children, and it would be well to know 
the quantity of cows’ milk which should be prescribed in the 
daily diet of children in order to satisfy the mineral require- 
ments for normal growth. 

For metabolism in youth, see page 559. 


1Jundell: ‘“Nordiskt Medicinskt Arkiv,” 1914, xlvii, Abth. 2, 1. 
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CHAPTER XV. 


METABOLISM IN ANEMIA, AT HIGH ALTITUDES, IN 
MYXEDEMA, AND IN EXOPHTHALMIC GOITER 


In man one-thirteenth part of the body weight is carried as 
blood to the lungs at least every minute and there exposed for 
a period of two seconds to the action of the alveolar air. The 
blood in the capillaries of the lungs may be estimated as a film 
0.01 millimeter in thickness and 150 square meters in area, or 
nearly a hundred times the area of the surface of the body. 
Zuntz estimates the combined thickness of the alveolar wall 
and capillary wall at 0.004 mm. This is the total distance 
separating the alveolar air from the blood. The gaseous ex- 
change between air and blood is thus readily made possible. 

In an experiment by Henriques! four different deter- 
minations were made upon an anesthetized dog: (1) The rate 
of flow of blood; (2) the carbon dioxid and oxygen content of 
the venous blood.in the right heart; (3) the quantity of the 
same gases in the blood of the femoral artery, that is, after the 
lungs had been traversed, and (4) the extent of the gaseous 
exchange in the lungs was measured. The rapidity of the 
blood flow was 1806 c.c. in three minutes. The following 
calculations show that no oxidation took place in the lungs or 
in the blood, and in publishing these results Henriques recants 
a contrary opinion previously held by him: 


CO:. Oz. ; 
Cie CG. R.Q. 
In 100 c.c. blood of right 
heart. ce eee a 2.74 
Tn 100 c.c. blood of femoral 
aFlerye.<. oe ees ene 31.55 15.25 
Difference (2e2-- ae oC +12.51 
Calculated from 1806 c.c. 
blood flow......... 23% 226 1.02 
Respiration experiment 
(three minutes)..... 250 239 1.05 
Diutterences iy ese 8 per cent. 5 per cent. 


1 Henriques: ‘‘Biochemische Zeitschrift,” 1915, Ixxi, 481. 
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‘The differences are within the limits of experimental error. 


It is evident that the place of oxidation is in the tissues (see 
i: 32): 

Complete deprivation of oxygen results in asphyxiation 
and death. The question arises, Will there be any effect upon 
metabolism if the oxygen supply for the body be reduced? 
Such a reduction of oxygen available for the tissues might 
be brought about by bloodletting, anemia, carbon-monoxid 
poisoning, by life on high mountains, or in balloons at high 
altitudes, or in pneumatic cabinets at reduced pressure, or by 
the artificial restriction of the free influx of atmospheric air 
into the lungs. Any of these methods if carried beyond a 
certain point is known to produce death. 

It was noted by Lavoisier and confirmed by Regnault and 
Reiset that the respiration of pure oxygen did not increase the 
metabolism: Liebig was convinced that atmospheric pressure 
was without influence, for it was evident to him that life at the 
sea-level was of the same character as on high mountains. In 
confirmation of these principles Zuntz! has definitely shown that 
if air rich in oxygen be respired, there is an increased oxygen 
absorption lasting for about one minute, and then the normal 
quantity is absorbed. The primary increase in the quantity 
of oxygen absorbed is due to the filling of the lungs with oxygen - 
and a further saturation of the blood with it, processes which 
are without effect on tissue metabolism. There is apparently 
no retention of such oxygen within the cells of the organism. 

However, Hill and Flack? show that in the fatigue of athletes 
oxygen inhalation increases the lasting power and decreases the 
fatigue, probably by maintaining or restoring the vigor of the 
heart. They believe that the fatigue which follows an athletic 
feat is mainly cardiac in origin and due to want of oxygen. 

Pfliiger® first showed that frogs could live for a long period 
in an atmosphere which was free from oxygen when they were 
maintained at a temperature of o°. After five hours they 


1Zuntz: “Archiv fiir Physiologie,” 1903, Suppl., p. 492. 
2 Hill and Flack: “Journal of Physiology,” 1909, xxxviii, p. xxviii. 
3 Pfliiger: “Pfliiger’s Archiv,”’ 1875, x, 313. 
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were capable of movement, and after seventeen hours, although 
apparently dead, they could be revived when placed in the air. 
Fletcher and Hopkins! have found traces of lactic acid in 
normal resting frog’s muscle, and also traces after a series of 
muscular contractions which were induced in an atmosphere 
of oxygen; but they found lactic acid in large quantity in the 
muscle if the contractions were brought about under anaérobic 
conditions. 

Lesser? has placed frogs in an ice calorimeter and filled the 
chamber in which they lived first with air and then with hydro- 
gen. When living in air the animals produced more heat and 
only half as much carbon dioxid as they did when they lived in 
hydrogen gas. In the air each milligram of carbon dioxid 
exhaled corresponded to a production of 4.5 small calories; in 
hydrogen, to only 1.6 calories. Hence the processes taking 
place in the two cases could not have been the same. The 
anaérobic carbon dioxid production could not have been at the 
expense of oxygen stored in the tissues of the frog or the heat 
production per unit of carbon dioxid exhaled would have been 
the same as in air, instead of being only 35 per cent. as much. 
The processes involved in this case can only be conjectured. 
It has already been stated that ascaris, an anaérobic inhabitant 
of the intestine, may convert glycogen into fatty acid with the 
elimination of carbon dioxid and the evolution of heat. (See 
p. 305.) Similar processes might take place in the anaérobic 
frog. 

Lesser* has further shown that the quantity of oxygen 
absorbed by a frog at 15° is independent of the pressure of 
oxygen in the atmosphere until a percentage of 3.3 of oxygen 
is reached. At this point the respiratory quotient was 1.02. 
When 1.8 per cent. of oxygen was present the quantity of 
oxygen absorbed decreased to one-third the normal and the 
respiratory quotient rose to 2.40, indicating anaérobic cleav- 
age of the food materials with the production of carbon 


1 Fletcher and Hopkins: ‘Journal of Physiology,” 1907, xxxv, 247. 
2 Lesser: ‘‘Zeitschrift fiir Biologie,’’ 1908, li, 287. 
3 Lesser: ‘‘Biochemische Zeitschrift,” 1914, lxv, 400. 
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dioxid. After eight hours of this treatment the frog became 
paralyzed. 

According to Zuntz,! any anemic condition which results 
in the production of lactic acid makes demands on the glycogen 
reserves of the body, so that sugar may rise abnormally in 
the blood, and both sugar and lactic acid appear in the 
urine. 

Muscular exertion in man leads to an increase in the quan- 
tity of lactic acid in both blood? and urine,’ due, in all probabil- 
ity, to slight local anemia in the muscles. (See p. 322.) 

The consideration of the subject of subnormal oxygen sup- 
ply may first be considered in connection with bloodletting, 
which produces an artificial anemia. Bauer,’ in Voit’s labor- 
atory, was the first to study this systematically, and found 
that the immediate result of bloodletting in the dog was an 
increased protein metabolism, but that the carbon dioxid 
elimination was unchanged; 18 to 27 per cent. of the total 
blood in the body was removed in these experiments. 

Hawk and Gies® confirm the reports of a higher protein 
metabolism after bloodletting. 

Finkler,* in Pfliiger’s laboratory, withdrew one-third of the 
total blood from a dog, thereby reducing the rapidity of blood- 
flow in the femoral artery by one-half, and yet there was no 
change in the quantity of oxygen absorbed, and, therefore, of 
the quantity of the carbon dioxid exhaled. Finkler noted, how- 
ever, that the quantity of oxygen in the venous blood grew 
constantly less after repeated bleedings. This indicates the 
interrelation between the oxygen supply and the needs of the 
tissues. Under ordinary circumstances there are 20 volumes 
per cent. of oxygen in the arterial blood, of which 12 volumes 
per cent. may return as an unused excess to the right heart. 

1Zuntz: “Die Kraftleistung des Tierkérpers,” Festrede, Berlin, 1908, p. 18. 

2Fries: ‘Biochemische Zeitschrift,” 1911, xxxv, 368. 

3Spiro: “Zeitschrift fiir physiologische Chemie,” 1877, i, 111; Ryffel: 
“Journal of Physiology,” 1909-10, xxxix, p. xxix. 

4 Bauer: ‘Zeitschrift fiir Biologie,’ 1872, viii, 567. 


5 Hawk and Gies: ‘American Journal of Physiology,” 1904, xi, 226. 
6 Finkler: ‘‘Pfliiger’s Archiv,” 1875, x, 368. 
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Repeated bleedings by Finkler reduced this percentage in 
venous blood from 11.80 per cent. to 8.80, 4.06, and 2.71 per 
cent. The carbon dioxid content of the blood remained un- 
changed. This decrease in the oxygen content of the blood 
may stimulate both the heart and respiration to compensatory 
activity, although nothing resembling asphyxia be present. 
While the total heat production is unchanged in anemia 
following bloodletting (except as influenced by increased 
cardiac and respiratory activity), still it is evident from the 
diminution of oxygen present in venous blood that there would 
not be a sufficient supply of oxygen to provide for a largely 
increased metabolism. Hence the anemic organism is in- 
capable of great muscular work without quick exhaustion ac- 
companied by rapid respiration and heart-beat. These latter 
are further efforts of compensation for the decrease in the 
oxygen-carrying elements of the blood. 

The removal of blood from a dog, followed by the trans- 
fusion of an equal quantity, has no effect upon metabolism,! 
although if an artificial plethora be induced by the intravenous 
injection of fresh blood into a normal animal, the metabolism 
is slightly increased, a result which is probably due to in- 
creased heart action.? 

After bloodletting of any considerable magnitude, lactic 
acid and, it is reported, a small amount of sugar appear in 
the urine. Thus Araki® found lactic acid in the urine of 
rabbits which had been bled. He also found lactic acid in the 
urine of rabbits which had been exposed to the action of 
rarefied air, and he found lactic acid and glucose in the urine — 
of animals the oxygen-carrying capacity of whose blood had 
been diminished through the respiration of carbon monoxid. 
It should be noticed in passing that wherever lactic acid is 
formed in the organism there is a concomitant rise in protein 
metabolism. Since this lactic acid is a derivative of glucose, 
its non-combustion may raise the protein metabolism to a 


1 Pembrey and Giirber: “Journal of Physiology,” 1894, xv, 449. 
2 Hari: ‘Biochemische Zeitschrift,’ 1911, xxxiv, 111; 1912, xliv, 1. 
8 Araki: ‘‘Zeitschrift fiir physiologische Chemie,” 1894, xix, 424. 
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higher level, just as is the case when sugar remains unburned 
in diabetes. 

In experimental anemias the hemoglobin content of the 
blood of rabbits' or dogs? may be reduced to 20 per cent. of 
the normal amount, with indications of only slight changes in 
the intensity of the oxidative processes, and these are usually 
in the direction of slight increases. Such increases one may 
interpret as being derived from the rise in protein metabolism 
and as due to stimulation of the cells by lactic acid (see p. 298). 

Another fact which has been observed by Lewinstein? is 
that when rabbits are kept in a bell-jar at a barometric pres- 
sure of 300 to 400 mm. (corresponding to 5000 to 7500 meters 
above sea-level) they die on the second or third day, and 
autopsy reveals extreme fatty infiltration of heart, liver, 
kidney, and diaphragm. These animals took no food. The 
cause of this fatty change, in the present writer’s opinion, was 
the lessened combustion of sugar or its derivative, lactic acid, 
which always induces an abnormal deposit of fat in any sugar- 
hungry cells (p. 490). 

KGhler! artificially cattpreeed the trachea of rabbits by 
tying a lead wire around it. The animals recovered from the 
operation and lived for four weeks in a condition of dyspnea. 
Appetite, weight, urine, and body temperature remained nor- 
mal almost until the end. The dyspnea was apparently in- 
sufficient to affect the metabolism. Increased respiration 
and heart activity were effectual efforts at compensation, so 
that there was no lack of oxygen in the animals. However, 
the altered pressure in the lungs and the continued dyspnea 
brought about a condition of stasis of which the animal died. 
The secondary alterations were acute and wide-spread, and 
were hyperemia of the lungs, vesicular and intralobular 
emphysema of the lungs, and hypertrophy of both sides of the 
heart. 


1 Eberstadt: ‘Archiv fiir exp. Path. und Pharm.,’ "Tor 3, Ixxi, 329. 
2 Rolly: ‘Deutsches Archiv fiir klinische Medizin,” 1914, cxiv, 605. 
3 Lewinstein: “Pfliiger’s Archiv,’ 1897, lxv, 278. 

4 Kohler: “Archiv fiir exp. Path. und Pharm.,”’ 1877, vii, 1. 
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Pettenkofer and Voit! observed the metabolism in an acute 
case of leukocythemia of four years’ duration, and at a time 
four months before the death of the patient. There was one 
white to every three red blood-corpuscles, a high degree of 
anemia, and great physical weakness. The metabolism was 
exactly the same as in a normal resting man living under the 
same dietary conditions. 

Magnus-Levy states that, rightly interpreted, these experi- 
ments of Voit indicate an increased metabolism. He? found 
an increased metabolism in a case of severe pernicious anemia. 
Grafe® reports a large increase in metabolism in leukemia. 
Rolly,* however, states that in chlorosis and in mild anemias 
there is no increase in metabolism in human beings. 

Meyer and Du Bois® made calorimetric observations upon 
5 patients suffering from anemia. Direct and indirect calor- 
imetry agreed within 3 per cent. and the respiratory quotients 
ranged within the normal limits. The following table epitom- 
izes their results: 


METABOLISM IN ANEMIA IN MAN 


INCREASE IN 


HEMOGLOBIN IN HEAT PRODUCTION 


TYPE. Boop In PER ABOVE IE RERE 
CENT. IN PER CENT. 
Case I. Splenic! pee ee ne: 25 8 
Case II. PETNICIOUS( eee ese aes 20 24-19 
Case III. Pernicious: transverse 
MYCHUIS crac ias 23-21 33-7 
Case IV. Permicious saa 44 2 
Case V. Perniciousy. © e .cenne 40 6 


These results show an increased metabolism in pernicious 
anemia which is especially pronounced when the hemoglobin 
content of the blood falls to 20 per cent. of the normal. 

In Case III the legs were wasted and atrophic and could no 


1 Pettenkofer and Voit: ‘‘Zeitschrift fiir Biologie,’ 1860, v, 319. 
2Magnus-Levy: “Zeitschrift fiir klinische Medizin,” 1906, Ix, 179. 

3 Grafe: “Deutsches Archiv fiir klinische Medizin,” 1911, cii, 406. 

4 Rolly: Loc. cit. 

5 Meyer, A. L., and Du Bois: “Archives of Internal Medicine,” 1916, xvii, 
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longer be used. Of itself, this condition would have lowered 
the metabolism. 

Meyer calculated for Case II that there were 3.7 c.c. of 
oxygen in 100 c.c. of arterial blood. If the patient had had 
a normal heart-beat of 70 per minute with an output of blood 
of 50 c.c. per beat, 130 c.c. of oxygen would have been carried 
to the tissues per minute. Jn fact, 252 c.c. of oxygen were 
absorbed by the patient each minute and his pulse-rate was 
1o1. To have supplied enough oxygen for tissue respiration 
his output of blood per heart-beat must have been at least 
66 c.c. 

Another patient with lymphatic leukemia had a very high 
metabolism which was scarcely affected by vigorous x-ray 
therapy, although the lymphocytes were greatly diminished 
in number. 

The characteristic optical properties of human hemoglobin, 
its power to combine with between 1.33 to 1.35 c.c. of carbon 
monoxid gas per gram of substance, and its iron content of 0.33 
to 0.34 per cent., are always constant, both normally and in 
diseases such as polycythemia, pernicious anemia, chlorosis, 
scurvy, and pseudoleukemia. This* important fact, which 
shows that hemoglobin is not itself chemically changed in 
anemia, was demonstrated by Butterfield.? 

In emphysema of the lungs in man determinations by 
Geppert and by Speck*® have shown that the respiratory 
exchange of gases was entirely within normal limits. 

Carpenter and Benedict‘ have found the metabolism of 
a man in whom the left lung was entirely obliterated to be 
unchanged from the normal. 

It is evident from these various citations that the general 
oxidation of the body is normally maintained in anemia and in 
pulmonary disease, provided the disturbances are not of 
extreme intensity. 

1 Means and Aub, unpublished. 

* Butterfield: “Zeitschrift fiir physiologische Chemie,” 1909, Ixii, 173. 


8 Cited by Jaquet: “Ergebnisse der Physiologie,” 1903, ii, I, 562. 
4 Carpenter and Benedict: ‘‘Journal of Biological Chemistry,” 1909, vi, p. xv. 
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The constantly increasing use of mountain air as a recuper- 
ative force for the worn-out individual leads to the inquiry 
whether the metabolism at high altitudes is different from that 
at the sea-level. For knowledge of this sort we are principally 
indebted to Zuntz and his pupils. The study of the subject 
may be taken up by using three different methods: First, the 
pneumatic cabinet; second, balloon ascensions; third, moun- 
tain ascents. 

The pressure of the atmosphere varies with the height from 
the sea-level as appears in the following table: 


ALTITUDE. . 
—=.s.c aS -C OO BAROMETER 
METERS. FEET. MILeEs. In Mo. He. 
° ° °. 760 
1000 3,281 0.6 670 
2000 6,562 Tee 592 
3000 9,843 1.9 522 
4000 13,124 2.5 460 
5000 * 16,405 I 406 
6000 19,686 Bn, 358 
7000 22,0607 4.4 316 
8000 26,248 5.0 207 
gooo 20,520 5.6 


In a celebrated balloon ascension made by Tissandier and 
two companions in 1875 only Tissandier lived to tell the 
following tale: 

At a height of 7000 meters Tissandier is unable to make the 
effort to remove his gloves from his pocket. All breathe 
oxygen. The temperature is —11°. Sivel throws ballast. At 
7500 meters the condition of torpor is extraordinary, but there 
is no suffering. The arms cannot be moved to reach for the 
oxygen tube. At 280 mm. barometric pressure Tissandier 
wishes to call out that the level of 8000 meters has been passed, . 
but cannot speak. Consciousness is then lost. The height 
of 263 mm. barometric pressure is reached before the balloon 
begins to descend and, on recovery of consciousness, Tissandier 
finds that his two companions are dead. 

In 1909 the Duke of Abruzzi, with several companions, 
ascended to a height of 7500 meters (= 24,600 ft, = 4.7 
miles = 312 mm. Hg.) in the Himalayas, and although the 
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physical conditions were extremely trying, they suffered no 
serious physiologic inconvenience. Douglas, Haldane, Hen- 
derson, and Schneider! point out that this immunity was 
acquired by prior acclimatization during two months of 
residence at an altitude of 17,000 feet. The ascent of Mt.. 
Everest, the highest mountain in the world (8840 meters 
= 29,000 feet = 5.5 miles), though perhaps physically un- 
attainable, may not be physiologically impossible. 

The relative composition of the atmosphere is the same at 
all distances from the earth’s surface. Durig and Zuntz? find 
that the atmosphere at a height of 2900 meters contains carbon 
dioxid 0.03 per cent., nitrogen 79.11 per cent., and oxygen 
20.86 per cent., whereas at an altidude of 4600 meters it con- 
tains carbon dioxid 0.03 per cent., nitrogen 79.10 per cent., 
oxygen 20.87 per cent. These are values practically identical 
with each other and with those determined at sea-level. 

Fraenkel and Geppert* placed a dog which had fasted 
seven days under the influence of greatly diminished at- 
mospheric pressure and found an increased protein metabolism 
- which continued on the second and third days. They also 
suspected the presence of products of incomplete combustion 
inthe urine. These results accord with Araki’s investigations. 

Von Terray‘ finds no change in the respiratory activity of 
dogs in air containing between 87 and 10.5 per cent. of oxygen. 
When 10.5 per cent. of oxygen is present an increased respira- 
tory activity commences. With 5.25 per cent. of oxygen there 
is every indication of lack of oxygen for the tissues, and the 
elimination of lactic acid in the urine is pronounced. The 
quantity of lactic acid eliminated was greatest after the res- 
piration of an atmosphere containing 3 per cent. of oxygen. 
The quantities obtained were 1.206, 1.860, 2.176, 2.300, 2.352, 
2.663, 3.020, and 3.686 grams of lactic acid in twenty-four 


1 Douglas, Haldane, Henderson, and Schneider: ‘Transactions of the 
Royal Society,” 1912, Series B, cciii, 185. ¢ 

2 Durig and Zuntz: “Archiv fiir Physiologie,” 1904, Suppl., p. 421. 

3 Fraenkel and Geppert: ‘Ueber die Wirkungen der verdiinnten Luft,” 
1883. 

4von Terray: “Pfliiger’s Archiv,” 1896, lxv, 440. 
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hours. In these cases we again see the analogy of the metab- 
olism to that already cited as having been discovered by 
Araki after bloodletting in rabbits. 

L. Zuntz! found that when he respired in a pneumatic cab- 
inet, at an atmospheric pressure of 448 mm. of mercury there 
was no change in his respiratory metabolism as compared with 
the normal. The results may be tabulated as follows: 


Per CENT. O2 RESPIRED PER MINUTE. 
In Ar. PREsSURE IN Mm. He. O2 C.C. COz Iw C.C, 
21 758 mm. 231.25 200.15 
12 448 mm. 238.7 213.0 


This latter experiment was done at a pressure correspond- 
ing to a mountain height of 4500 meters. He also showed that 
variations in atmospheric pressure within the above limits had 
no effect on the metabolism during muscular exercise. 

This work was repeated by Hasselbalch and Lindhard? 
in an experiment which lasted twenty-six days. During 
fourteen days a man remained in a pneumatic cabinet at an 
atmospheric pressure of 455mm. The consumption of oxygen 
and the urinary ammonia and amino-acids were unaffected by 
this influence. 

Von Schrétter and Zuntz’ made two balloon ascents to 
heights of 4560 and 5160 meters. Zuntz showed an increased 
oxygen absorption of 7 per cent. above that at sea-level. In 
the case of Von Schrétter the increase was slight except during 
one interval of shivering, when a 20 per cent. increase was 
recorded. The authors attributed the slight rise in the metab- 
olism to the increased work done by the respiratory muscles. 
During the higher ascent sugar appeared in the urine of Zuntz, 
indicating incomplete oxidation. 

A research of Zuntz‘ on the subject of mountaineering 
describes how he and Durig ascended to the Col d’Olen (2900 
meters), and, having remained there for a week, passed up- 

1 Loewy and Zuntz: “Pfliiger’s Archiv,” 1897, Ixvi, 477. 

®Hasselbalch and Lindhard: “Biochemische Zeitschrift,” 1914, Ixviii, 
265 and 29s. 


3 von Schrétter and Zuntz: “Pfliiger’s Archiv,” 1902, xcii, 479. 
4 Durig and Zuntz: ‘Archiv fiir Physiologie,” 1904, Suppl., p. 417. 
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ward to a hut (4560 meters) constructed near the summit of 
Monte Rosa, the highest mountain of the Alps after Mont 
Blanc. They lived in this hut two weeks and a half. The 
height of the barometer was 443 millimeters, which indicates a 
quantity of oxygen amounting to 12.2 per cent. of an atmos- 
phere. On the Col d’Olen there was no increase in their metab- 
olism when they were resting, and there was no increase in the 
requirement of energy necessary to accomplish one kilogram- 
meter of work. This agrees with the results of Biirgi else- 
where mentioned (p. 332). At the higher level, near the sum- 
mit of the mountain, the resting metabolism increased at once 
and permanently to the extent of 15 per cent. Zuntz during 
a former sojourn had noted an increase of 44 per cent. in his 
metabolism when on the mountain. Exposure to the sun- 
light was almost without effect on the metabolism. The 
increased metabolism was not due to cold, for it was present 
when the individual was in a warm bed in the hut. At sea- 
level the energy equivalent of 3 kilogrammeters is liberated 
in the body in order to lift 1 kilogram of body substance 1 
meter high. Here on the snow-fields of Monte Rosa Durig 
required the equivalent of 4.0 to 4.8, Zuntz 5.3 to 6.8 kilo- 
grammeters of energy to accomplish 1 kilogrammeter of 
work. This agrees with a former experiment of Zuntz when 
he was living in the same locality, in which he found the in- 
creased metabolism necessary to effect 1 kilogrammeter of 
work in climbing was 70 per cent. above the requirement for 
the same work at sea-level. a 

Hasselbalch and Lindhard,! while noting that the ultra- 
violet rays of the sun reduce the frequency and increase the 
depth of respiration, find that exposure to the effect of such 
rays in the high Alps (Brandenburger Hut, 3290 meters) has 
no effect upon the metabolism (see p. 150). 

Not only is the metabolism necessary to accomplish work 
greater on high mountains than at sea-level, but the capacity 


1 Hasselbalch and Lindhard: ‘‘Skan. Archiv fiir Physiologie,’ 1911, xxv, 
361. 
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for work is greatly reduced. Schumburg!' found that he could 
accomplish a maximum of 999 kilogrammeters of work in one 
minute in Berlin, 619 when on the Monte Rosa glacier, and 
only 354 kilogrammeters when he was on the top of the 
mountain. The limit of work on Monte Rosa was, there- 
fore, one-third what could be accomplished in Berlin, 
probably on account of the accumulation of imperfectly 
oxidized products of metabolism, which reduces the muscular 
power.? 

Durig and Zuntz, Mosso, and others have found their res- 
piration to be distinctly of the Cheyne-Stokes character after a 
return to the hut subsequent to exercise in the higher Alps. 
They found that when they were on Monte Rosa a temporary 
oppression resulted if their respiration was partly hindered— 
as in the case of lacing their boots. Also strict attention to a 
definite task might reduce the respiratory activity to such an 
extent that anemia of the brain, accompanied by dizziness, 
readily ensued. 

In ror1 the Anglo-American Pike’s Peak Expedition, consist- 
ing of Douglas, Haldane, Yandell Henderson, and Schneider,’ 
spent several weeks on the summit of Pike’s Peak with a 
view to making a thorough study of physiologic adaptation 
to low atmospheric pressures. The altitude of Pike’s Peak is 
4290 meters (14,100 feet), which contrasts with the altitude of 
4560 meters at which the laboratory on Monte Rosa is located. 
Pike’s Peak, however, differs from Monte Rosa in having a 
summit which in summer time is almost free from snow, in 
facility of access by means of a cogwheel railway and in the 
possession of a very comfortable hotel. The distance from 
Manitou to the summit is 16.3 kilometers (8.9 miles) by the 
cog-railway and the difference in altitude between the two 
localities is 2220 meters (7485 feet). Robinson, the resident 
manager of the hotel, has resided six months each year for 

1Schumburg and Zuntz: ‘‘Pfliiger’s Archiv,” 1896, Ixiii, 488. 

2Lee: Fatigue, ‘“The Harvey Lectures,” 1905-06, p. 1 


3 Douglas, Haldane, Henderson, and Schneider: “ 
Royal Society,” 1912, Series B, cciii, 185. 
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seventeen years on the summit and holds the record for the 
most rapid ascent of the peak, having accomplished it in two 
hours and thirty-one minutes. This means walking at the 
rate of 6.5 kilometers (3.5 miles) per hour and ascending at the 
rate of go6 meters (2974 feet) during the same interval. 
Since the body weight was 70 kilograms the ‘hourly heat 
production might have been (see p. 327): 


Kem. CALORIES. 
For lifting the body weight (70 X 906 X 3)........ 190,260 447 
For horizontal forward movement (70 X 0.217 X 
WEN oS Ob ig. Hoots Lose Henn ne 98,735 232 
; : 288,095 679 
Add for metabolism standing at rest.............. ae 88 
767 


The requirement of 767 calories per hour exceeds that 
needed by the trained bicycle rider who rides until exhausted. 
(See p. 321.) 

Contrary to the observations of the Zuntz school, the 
members of the Pike’s Peak Expedition found no difference in 
their metabolism on the summit of Pike’s Peak from that at 
sea-level, either during rest or when taking exercise such as 

walking at the rate of one to five miles per hour. These 
results were obtained after acclimatization, and this may 
account for the difference from those obtained on Monte 
Rosa. 

The ventilation of the lungs of Durig and Zuntz while at 
rest at different altitudes varied as follows: 


RESPIRED IN LITERS PER MINUTE. 


Zuntz. Reduc eats Mm Reduced i te Mm 

educe Oo . . 
ae Bg and o° C. Hg and 0° C. 
Sea-level...... 4.61-5.03 4.15-4.53 5.00-5.63 
Col d’Olen.... 5-97-0.36 3.99-4.16 3.81+5.07 
Monte Rosa... 6.86-8.52 3-71-4.88 4.05-4.60 
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The actual amount of inspired air appears to be about the 
same at different altitudes, an increased volume compensating 
for increasing rarefaction of the atmosphere. 

The atmosphere in which one lives is really the air within 
the alveoli (Pfliiger). Durig and Zuntz have calculated the 
pressure of oxygen and carbon dioxid within their alveoli at 
different levels, and, measured in terms of millimeters of 
mercury, have found them to bes follows: 


PRESSURES IN Ma. He. 


ZuntTz (OF BERLIN). Duric (oF VIENNA). 
Oz COs Oz CO2z 
At. home—restic ne ee eee 107- 36 109 32 
At home—ascending walk........ 109 33 99 37 
On Monte Rosa—rest........... 57 on 53 24 
On Monte Rosa—horizontal walk 60 17 55 21 
On Monte Rosa—ascending walk 63 TO 55 24 


It is evident from a study of the results that muscular 
exercise in all these localities produces an increase in the 
alveolar tension of oxygen and a decrease in that of car- 
bon dioxid. This is brought about by the stimulation of 
respiration. 

It will be interesting to examine the evidence of the effect 
of decreasing oxygen tension on the capacity of the blood in the 
lungs to absorb oxygen. The usually accepted doctrine that 
atmospheric air, shaken with blood, will practically saturate 
the hemoglobin present, rests upon Hiifner’s experiments with 
carefully prepared solutions of hemoglobin. Loewy and 
Zuntz,! however, show that if normal blood be used the satu- 
ration is 89 per cent. at the most. On the basis of this newer 
work, Durig and Zuntz? have calculated the saturation of the 
hemoglobin within the blood at the different altitudes. At 
Berlin, oxygen exerting alveolar pressures of 113 and 103 mm. 
would saturate the blood in the lungs to the extent of 81.9 and 
80.5 per cent. respectively. On Monte Rosa alveolar oxygen 
at pressures of 57 mm. (Zuntz) and 53.2 mm. (Durig) would 


1 Loewy and Zuntz: ‘Archiv fiir Physiologie,” 1904, p. 207. 
2 Durig and Zuntz: Loc. cit., p. 442. 
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respectively cause a saturation to the extent of 69.5 and 68 per 
cent. The lowest recorded oxygen pressure in the alveoli 
was 48.3 mm. (Durig), which corresponded to 65.9 per cent. of 
oxyhemoglobin, and was accompanied by severe headache. A 
quickened heart-beat produced a more rapid circulation than 
normal. The experimenters find no ground for believing that 
there was at any time any real oxygen deficiency in any of the 
important tissues of the body. They consider that their 
gradual ascent from sea-level prevented the usual disturbances 
of appetite and digestion which are probably caused by anemia 
in the abdominal region (mountain sickness). 

Lactic acid has been found in increased amounts in the 
blood of individuals on high mountains.' Acidosis quickens 
the respiration and lowers the carbon dioxid content of the 
blood and raises the oxygen pressure in the lungs (see p. 218). 
In mountain sickness the body temperature may rise as high 
as 42° C.,2 a temperature which favors the free dissociation of 
oxyhemoglobin.® 

Boycott and Haldane‘ found in experiments on themselves 
when they were confined in a steel pneumatic cabinet that if 
the atmospheric pressure was reduced to 356 mm. of mercury, 
corresponding to a height of 6000 meters (= 20,000 feet) the 
oxygen pressure in the alveoli fell to 30 mm. and pronounced 
- cyanosis occurred, accompanied first by loss of memory and 
then by unconsciousness. There was only slight hyperpnea. 
Greater attenuation of the atmosphere on mountains and in 
balloons may often be tolerated. This they ascribe to a 
gradual production of lactic acid within the organism which 
renders the respiratory center especially sensitive to the stimu- 
lus of carbon dioxid. They recommend that one frequently 
partake of carbohydrates when among the higher mountains 
in order that a maximum amount of carbon dioxid be furnished 
to the blood-stream. The carbon dioxid pressure in the alveoli 

1Galeotti: ‘Arch. ital. de Biologie,’’ 1904, xli, 80. 

2 Caspari and Loewy: ‘“‘Biochemische Zeitschrift,’ 1910, xxvii, 405. 


$ Barcroft and King: “Journal of Physiology,” 1909-10, xxxix, 374. 
4 Boycott and Haldane: Ibid., 1908, xxxvii, 355. 
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falls as an accompaniment of the rising acid content of the 
body. This changed condition of the blood does not pass off 
at once on return to a lower level.1_ The respiratory stimulus 
persists and the beneficial effects of descending are promptly 
felt. At a given altitude on the descent the alveolar oxygen 
pressure will therefore probably be higher than at the same 
altitude on the ascent on account of the greater stimulation of 
the respiratory center. 

These relations are shown in the following table compiled 
from Ward’s experiments on himself: 


| 
| 


PRESSURES IN Mo. oF He. 
Alveolar Air. 
Barometer. 
COs. Oz. 
Lister Institute, London........... 769 Cy By) 109.0 
ZELMAts 223 ices Marne elects eae 633 34.2 81.6 
Monte\Rosaic sien ae cele see 443 28.5 40.8 
Zermatt, OD ELUM er meee a 633 28.9 QI.0 
(wovhourstattersense nt ie 32.5 


One may compare the statement of Boycott and Haldane 
that cyanosis occurred in them when the oxygen pressure in 
the alveoli fell to 30 mm. with the statement of Loewy and 
Zuntz* that when the oxygen pressure is 31.8 human blood 
will absorb oxygen so that 56 per cent. of its hemoglobin is 
saturated. This agrees well with the finding of Ringer* in the 
author’s laboratory that dogs lose consciousness when their 
hemoglobin becomes half-saturated with carbon monoxid gas. 
Ringer’s dogs, however, were not beyond the power of resusci- 
tation until 70 per cent. of the hemoglobin was combined with 
the poisonous gas. 

This observation is similar to that of Bornstein and Miiller,* 

Ward: “Journal of Physiology,” 1908, xxxvii, 378. 
2 Loewy and Zuntz: ‘Archiv fiir Physiologie,” 1904, p. 214. 


3 Ringer: Unpublished. ‘ : 
4 Bornstein and Miiller: ‘Archiv fiir Physiologie,” 1907, p. 470. 
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who have shown that death occurs when 70 per cent. of the 
hemoglobin of the blood is converted into methemoglobin by 
magnesium chlorid. Rapid recovery takes place if the process 
is not carried so far as this. 

The discovery of Viault! that at an altitude of 4000 meters 
the number of red blood-cells increased to 7,000,000 and 
8,000,000 per cubic mm. of blood appeared at first to in- 
dicate a compensatory increase in oxygen-combining power 
during life in rarefied air. An increase in the quantity of 
hemoglobin has been positively shown by Zuntz and his co- 
workers.? 

While in the high altitudes of Monte Rosa, von Wendt? 
noticed a retention of nitrogen, iron, and potassium which he 
suggests was in part used for the construction of new red 
blood-corpuscles, in part for the upbuilding of new muscu- 
lature. 

The Pike’s Peak Expedition already referred to does not 
fully agree with the interpretations of the Zuntz school. The 
numerous visitors who reached the summit of Pike’s Peak by 
train and remained only about three-quarters of an hour 
showed blueness of the lips and cheeks, accompanied by great 
hyperpnea on exertion. Only a few became miserable and 
faint and required oxygen for their restoration. Among those 
who arrived on foot, frequently after ten hours of effort, the 
symptoms were much more severe: nausea, vomiting, headache, 
and fainting being common. The nose-bleed traditionally 
assigned as characteristic of life in rarefied atmospheres is 
mythical. The process of acclimatization follows these lines: 
(1) The production of acids which reduce the alkalinity of the 
blood, this in turn stimulating the respiratory center with a 
resultant increase in ventilation of the lungs, a fall in the alveo- 
lar carbon dioxid tension and an increase in the oxygen tension; 
(2) an increase up to 150 per cent. of the normal amount of 


1 Viault: “Comptes rendus de l’académie des sciences,’’ 1890, cxi, 917. 
2Zuntz, Loewy, Miiller, and Caspari: “Héhenklima und Bergwanderungen 
in ihrer Wirkung auf den Menschen,” Berlin, 1906. 
3 yon Wendt: “Skan. Archiv fiir Physiologie,” 1911, xxiv, 247. 
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hemoglobin. These factors are of such influence that even 
more than the normal quantity of oxygen may be carried to 
the tissues. ‘The hemoglobin was found to be saturated with 
oxygen to an extent of 95 per cent., which is contrary to the 
teachings of Zuntz. The authors believe that only adherence 
to the theory that the alveolar epithelium secretes oxygen 
from the air into the blood will explain this phenomenon. The 
pulse and blood-pressure were but little affected. On passing 
from the summit of the mountain to the sea-level a fortnight 
is required before the stimulus to th® respiratory center 
disappears and the alveolar carbon dioxid tension becomes 
normal, and several weeks pass before the total quantity of 
hemoglobin in the body returns to the normal. It is evident 
that in unacclimated persons balloon ascents and the like 
are to a greater extent dangerous to life than in those who have 
undergone climatic adaptation to high altitudes. Into all 
phases of the fascinating work of the Pike’s Peak Expedition 
it is impossible to go. 

The work was ably supplemented by that of Miss Fitz- 
gerald,! who worked among acclimated mine attendants and 
their wives, persons who had lived a year or more at different 
heights above the sea-level in Colorado, some of them having 
been born in these localities. The records included, among 
others, some made at Denver (5r1oo ft.), Colorado Springs 
(6000 ft.), Cripple Creek (10,000 ft.), Camp Bird Mine 
(11,300 ft.), Lewis (12,500 ft.), and Pike’s Peak (14,100 ft.). 
Miss Fitzgerald showed that for every 100 mm. fall in baro- 
metric pressure there was an increase of 10 per cent. above the 
amount of hemoglobin present in the body at the level of the 
sea, the law holding true for both sexes. Also, for every fall 
of 100 mm. in the atmospheric pressure there is a fall of 4.2 
mm. in the pressure of alveolar carbon dioxid, accompanied by 
a progressive fall in the oxygen pressure. 

From the facts she makes the following computation: 


1 Fitzgerald: “Transactions of the Royal Society of London,” 1913, Series 
B, ccili, 351. . 
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TABLE SHOWING THE TENSION OF THE ALVEOLAR GASES IN 
ACCLIMATED INDIVIDUALS 


APPROXIMATE ALTITUDE WHEN ALVEOLAR AIR. 
MEAN TEMPERATURE OF AIR 
CoLtumn = 15°C. A 

capitis 2 Percentage. Partial Pressure. 
pexe pee Oc. CO. ‘| 02 CO». 
Mm. Mm. Mm. 
Sea-level. Sea-level. 760 14.33 5-58 102.2 39.8 
122 400 750 14.26 5-59 100.0 30.2 
608 2,290 700 14.17 6.66 92.9 Boar 
1326 4,350 650 14.01 5.80 84.5 35-0 
2004 6,578 600 13.83 5.95 76.5 32.9 
2743 8,909 550 13.62 6.12 68.5 30.8 
3552 11,653 500 13.36 6.34 60.5 28.7 
4447 14,5890 450 13.05 6.60 52.6 26.6 
5445 17,864 400 12.64 6.94 44.6 24.5 
6579 21,584 350 12.10 7.39 36.7 22.4 
7889 25,882 300 11.34 8.02 28.7 20.3 
0437 30,960 250 10.24 8.907 20.8 18.2 


Each successive diminution of roo c.c. of barometric 
pressure causes a greater absolute increase in the ventilation 
of the lung and this introduces more oxygen. The full re- 
action, however, is not effected in short periods. Thus, in the 
experiment by Boycott and Haldane (see p. 433) in which they 
subjected themselves to a barometric pressure of 350 mm., 
their alveolar carbon dioxid tensions were 31.2 and 27.3 
mm. respectively. In an acclimatized individual the carbon 
dioxid tension at this level of the barometer would have 
been 22.4 mm. and he would have had 3.2 per cent. more 
oxygen in his alveoli than Haldane had. Acclimatization 
involving this reaction, as well as increasing the quantity of 
hemoglobin, would have prevented the cyanosis and uncon- 
sciousness which followed in the experiments of Boycott and 
Haldane when they were in the respiration chamber. 

Durig and Zuntz! made a voyage to Teneriffe, one of the 
Canary Islands (situated at about the latitude of Florida), 
and there ascended a volcano which rises to a height of 3160 


1 Durig and Zuntz: “Biochemische Zeitschrift,” 1912, xxxix, 435. 
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meters. They found no essential difference in their metab- 
olism from that at Col d’Olen (2865 meters) except a slight 
increase due to a quickened rate of respiration which they 
ascribed to the effect of sunlight. 

The results of these varied experiments confirm the inde- 
pendence of the metabolism of variations in atmospheric pres- 
sure as regards all the customary habitats of mankind. The 
beneficial properties of mountain air may be largely the same 
as those derived at watering-places, z. e., outdoor life, cool air, 
exercise, diversion through change of scene, mental rest, and, 
finally, suggestion of benefits received. The dry, crisp air 
undoubtedly benefits catarrhal disturbances, which are, on 
the other hand, aggravated by the climate of the sea-shore. 


In the search for conditions which might reduce the inten- 
sity of metabolism, the influence of the internal secretions of 
the sexual glands has been prominently considered. Careful 
experiments of Liithje,! however, show that castration in dogs 
of both sexes has no influence on the metabolism. It is said, 
however, that removal of the ovaries reduces for a time the 
number of red blood-corpuscles, and it is suggested that ova- 
rian insufficiency may be the cause of chlorosis.” 

Grafe* has analyzed 29 cases of stupor, and in the majority 
of individuals has found no variation from the usual normal 
metabolism. In 8 cases, however, there was a metabolism 
which was between 17 and 39 per cent. lower than normal. 

It has already been stated that Means, using the new 
Du Bois formula for surface area, could find no departure 
from the normal metabolism in simple obesity. 

Means! finds a diminished metabolism in hypopituitarism 
with accompanying obesity. This condition of dystrophia 
adiposogenitalis is stated by Cushing® to show an abnormally 


1Liithje: ‘Archiv fiir exp. Path. und Pharm.,” 1902, xlviii, 184. 
2 Breuer and v. Seiller: Jbid., 1903, 1, 160. 

3 Grafe: ‘Deutsches Archiv fiir klin. Med.,” 1911, cii, 15. 
4Means: “Journal of Medical Research,” 1915, xxxii, 121. 

5 Cushing: ‘‘The Pituitary Body and Its Disorders,” 1912. 
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high tolerance for carbohydrate, whereas in acromegaly the 
tolerance is decreased. In acromegaly the basal metabolism 
is increased. 

Forschbach and Severin? (Minkowski’s clinic) do not 
agree with Cushing, and conclude that in the most varied 
affections of the hypophysis (acromegaly, dystrophia adiposo- 
genitalis, hypophyseal tumors) there is always hypoglycemia 
and increased carbohydrate tolerance.’ This is illustrative of 
the disagreement among the best authorities upon the influence 
of the internal secretions. 

Cushing and Goetsch‘ and, before them, Gemelli,> have 
noticed that in hibernating animals the pituitary gland not 
only diminishes in size, but that the cells of the pars anterior 
completely lose their characteristic staining reactions. 

The literature regarding the action of the internal secre- 
tions upon metabolism is very large. Much of it is crudely 
unscientific. Where several unknown factors are interacting, 
as happens in this field of study, it is pleasant to give the 
fancy full play, and this is also a perfectly harmless occupation 
provided such mental activity does not develop into hallucina- 
tion. Du Bois, in writing concerning exophthalmic goiter, 
makes the ironical proposal, “For the purpose of simplicity 
in this paper one may consider the symptoms of exoph- 
thalmic goiter to be caused by hypersecretion of the thy- 
roid, and allow the reader to select for himself those cases 
in which he believes other glands to be involved.” 

The thyroid gland is a gland whose internal secretion 
profoundly affects the amount of general metabolism. No 
other gland compares with it in this regard. ‘This influence is 
apparently brought about by a substance called thyroiodin, 


1 Magnus-Levy: “Zeitschrift fiir klinische Medizin.,” 1906, lx, 170. 

2 Forschbach and Severin: “Archiv fiir exp. Path. und Pharm.,” 1914, lxxv, 
168. 

‘i For a good review of the literature read Simpson, S.: ‘American Medi- 
cine,’ 1914, ix, 219 : 

4 Cushing and hetid “Journal of Experimental Medicine,’ 
25. 

5 Gemelli: “Archives pour la science medicale,” 1905, xxx, 341. 
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440 SCIENCE OF NUTRITION 


which, when produced in normal quantities, maintains the 
proper functions of the nervous system. A subnormal pro- 
duction reduces the activity of the nervous system and in- 
cidentally the quantity of metabolism. An overproduction 
increases the irritability of the nervous apparatus and raises 
the metabolism. Myxedema is a condition in which the thy- 
roid gland has atrophied and its secretion is no longer available. 
Exophthalmic goiter presents the opposite phase, since here a 
superabundance of thyroidin is believed to be produced. 
Symptoms somewhat akin to the latter condition may be 
induced in normal animals and man by ingesting thyroid 
extracts. 

Magnus-Levy! found the carbon dioxid output increased 
after giving a normal man thyroid extracts. Fritz Voit? finds 
the same to be true of a dog, and also that more protein is 
metabolized. It is this latter action which contraindicates 
thyroid feeding in obesity. However, Rheinboldt? states that 
a man fed with thyroid extracts may be maintained in nitrogen 
equilibrium if much protein be allowed in the diet. 

That the thyroid has a profound effect upon the endogenous 
protein metabolism is evidenced by the fact that after its 
removal in the dog the usual increases in protein metabolism 
which follow the administration of phlorhizin‘ (see p. 460) or 
which follow partial asphyxia® do not occur. 

Andersson and Bergman’ have given large quantities of thy- 
roid extract to a man who was kept in perfect quiet, and no 
increased output of carbonic acid was noticed. They attribute 
the increased metabolism which is usually observed to the 
increased muscle tonus caused by the highly irritated central 
nervous system. A high metabolism is observed in cases of 


1 Magnus-Levy: “Berliner klinische Wochenschrift,” 1895, xxxii, 650. 

2 Voit, F.: ‘Zeitschrift fiir Biologie,” 1897, xxxv, 116. 

§ Rheinboldt: “Zeitschrift fiir klin. Med.,”’ 1906, lviii, 425. 

‘Lusk: ‘Proceedings of the International Congress of Medicine,” 1913, 
sec; LI, Pt..2; p.23. 

5 Mansfeld: “Pfliiger’s Archiv,” rors, clxi, 502. 

Ps oe and Bergman: ‘Skan. Archiv fiir Physiologie,” 1898, viii, 

326. 
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exophthalmic goiter. Freidrich Miiller! reports a case of an 
individual weighing only 29 kilograms who constantly lost 
weight notwithstanding a daily diet containing 68 grams of 
protein with 58 calories per kilogram. Under such circum- 
stances there is undoubtedly an abnormally high destruction of 
both protein and fat. The increased protein destruction has 
been attributed to toxic influence of the thyroid secretion. 
Magnus-Levy? finds an increased oxygen intake in cases of 
exophthalmic goiter amounting to 22, 42, and 70 per cent. 
above the normal. 

Steyrer® made interesting experiments on the metabolism 
in this disease. The patient was twenty-one years old, 
temperature normal; the total metabolism during two days 
was determined twice at intervals one month apart and while 
the person was resting in bed. During the second period the 
disease had made considerable progress, the patient having a 
hot skin and being in a highly nervous state. 


Day CALORIES OF WEIGHT CALORIES 
; METABOLISM. IN Ka. PER KG. 


. I 2665 45.1 59.1 
Betiodsleamerrde sans e Sha, { ¥ 2731 404 38.9 
: I 3 48.2 76.1 
Period II (one month later) { F A338 47.5 60.0 


Calorimetric studies upon 12 thyroid cases have been 
made by Du Bois‘ and the literature has been very fully con- 
sidered by him. The accompanying table epitomizes the 
results obtained by Du Bois with 3 cases of exophthalmic 
goiter and with 1 cretin thirty-six years of age. 


1 Miiller: ‘Deutsches Archiv fiir klin. Medizin,’’ 1893, li, 36 

2Magnus-Levy: von Noorden’s ‘Handbuch der Pathologie des Stoff- 
wechsels,” 1907, II, p. 325. 

®Steyrer: “Zeitschrift f. exp. Path. und Therapie, ” 1907, Iv, 720. 

4Du Bois: ‘‘Archives of Internal Medicine,” 1916, xvii, 915. 
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THE METABOLISM OF 3 PATIENTS WITH EXOPHTHALMIC 
GOITER AND OF 1 CRETIN 


Catorres | Per CENT. | PER CENT. 
PER SQ. |Ris—E ABOVE|RISE ABOVE 
Ae clo pamela ee Merzr, Noumar PATENTS R.Q. 
i ‘ vu Bors ASAL OF WN 
ForMuLA. | 39.7 CAL. BASAL. 
Case I 
Feb., «x6, rord.,||\Basalcecasseees 137 60.4 +75 Srectts 0.76 
Feb. °20, 3914. | Basalo:..asteeau sn Ill 63.7 +60 pheak 0.77 
Feb. 21, 1914. | Glucose, 100 gm....] 105 68.8 nets, +9 0.04 
Feb. 25, 1914. | Casein, N = 38.9 gm.) 138 71.9 Cape +14 0.83 
April 24 0O0d. |) Basal er een eet se ner 120 60.9 +53 ioe 0.78 
April 23, 1915. | Basal, one year later 99 57-7 +45 itn 0.77 
Case II: 
March 22, rors. | Basal.............. 107 50.4 +50 Gene 0.79 
May 11, 1915.| Basal two weeks 
after ligating arte- 
ICS Se Silas aan ys 134 71.2 +79 0.76 
Case ITI: 
March 72) 7078,)) Basalo-c.sceenieeeee 100 14.4 +87 seeps 0.78 
Case XII 
(Cretin): 
April. “10, ror, Basalvacrace asec 84 33.0 -17 eer 0.92 
April 14, 1914. | Glucose, too gm..... 88 37-9 Savin +15 1.00 
April 21, r9r4. | Casein, N = 3.6 gm. 82 34.9 Savi +13 0.93 
April) 23; x0r4. |) Basalcn pesos 78 31.0 —22 iia 0.87 
May 1, 1914. | After thyroid extract 95 39.8 +o +28 0.79 


The total difference between direct and indirect calorimetry 
in the 12 cases was 2.9 per cent. 

The specific dynamic action of protein and glucose was 
within the normal limits, and glucose was oxidized in an en- 
tirely normal fashion, even in the presence of some glycosuria. 
In one experiment (Case I) 89 per cent. of his energy produc- 
tion was derived from glucose. 

Forschbach and Severin,! in Minkowski’s clinic, state that 
the administration of roo grams of glucose in exophthalmic 
goiter does not invariably produce glycosuria. The glycosuria 
is probably to be explained by a difficulty of glycogen reten- 
tion in hyperthyroidism. When thyroid extracts are given to 
rabbits or to dogs the liver contains much less glycogen than 
normally.” 


1 Forschbach and Severin: ‘“‘Archiv fiir exp. Path. und Pharm.,” 1914, Ixxv, 
168. 

2 Parhon: ‘Journal de Physiologie et de Pathologie générale,” 1913, xv, 75; 
Cramer and Krause: ‘Proceedings of the Royal Society,” 1913, Series B, 
Ixxxvi, 550. ; 
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This inability to store the normal amount of glycogen is 
the probable explanation of the fact that the respiratory quo- 
tients found during the determinations of the basal metab- 
olisms of patients with hyperthyroidism invariably show a 
lower average level than the normal. 

Du Bois finds that the height of the metabolism gives the 
best index of the severity of the disease and classifies very 
severe cases as showing an increase of 75 per cent. above the 
normal heat production, severe cases as showing over 50 per 
cent., and moderately severe and mild cases as showing less 
than 50 per cent. increase above the normal basal metabolism. 
Rest of a week in bed usually caused a to per cent. fall in 
metabolism. Thyroid sera, ergotin, and quinin hydrobromate 
had little effect. Ligation of the thyroid arteries was fol- 
lowed by a rise in metabolism in most cases. There was no 
indication that any conservative form of treatment was more 
effective than mental and physical rest. 

In myxedema the metabolism is reduced and there is a fall 
in body temperature. Anderson! reports a case of a woman 
whose metabolism was as low as 1260 calories or 18.8 per 
kilogram: after treatment for nine months with thyroid 
extracts the heat production rose to 2099 calories, or 32.3 per 
kilogram. These latter are normal values. The tempera- 
ture rose to normal with the increase in metabolism. 

The cretin investigated by Du Bois (see table on p. 442) 
had a basal metabolism which was 20 per cent. less than the 
normal adult. Response to the specific dynamic action of 
food was normal. The individual, by Binet’s tests, had the 
mentality of a child of seven years, though his age was thirty- 
six. This condition is a rare example in which the metabolic 
processes are permanently depressed. 

With the possession of such a gland as the thyroid, whose 
suppression may diminish metabolism 20 per cent. and whose 
stimulation may increase it 100 per cent., it is truly strange 


1 Anderson: ‘‘Hygeia,” Stockholm, 1898 (quoted in Tigerstedt’s “Lehrbuch 
der Physiologie”’). 
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that a normal person should have a basal metabolism so 
regulated as to correspond to a definite heat loss per square 
meter of body surface. It is no wonder that the law of surface 
area should be assailed as incredible and irrational. The real 
wonder is that the law is true. 

Of late years there has been a sharp differentiation be- 
tween the functions of the thyroid and those of the parathy- 
roid glands. Clonic convulsions are a symptom following para- 
thyroidectomy, and during these periods the temperature rises. 
MacCallum! reports that the temperature of a dog, in which 
after parathyroidectomy violent tetany developed, rose from 
39° to 43.2° during the attack. The administration of calcium 
acetate stopped the convulsions in a few minutes and within 
half an hour the temperature fell to 38.9°. 

Wilson, Stearns, and Thurlow? report that after para- 
thyroidectomy a condition of alkalosis develops in the blood 
which is neutralized by the production of acids incident to 
tetany, or the tetany may be prevented by intravenous in- 
jection of “ hydrochloric acid. The action of calcium salts 
is to lower the dissociation constant of hemoglobin and the 
alveolar tension of carbon dioxid, effects which are also brought 
about by acids. Underhill states that neither thyroidectomy 
nor the simultaneous removal of. two parathyroids out of four 
will alter the utilization of glucose by dogs. Only after the 
removal of three parathyroids is the assimilation limit for glu- 
cose reduced. 

1 MacCallum: “Fever,” Harvey Society Lecture, ‘‘Archives of Internal 
Medicine,” 1908, ii, 572. 

_.” Wilson, Stearns, and Thurlow: “Journal of Biological Chemistry,” 1915, 
sere Ugderhill and Hilditch: “American Journal of Physiology,’’ 1909-10, 


xxv, 66; Underhill and Blatherwick: “Journal of Biological Chemistry,” 1914, 
xviii, 87. 


CHAPTER XVI 


METABOLISM IN DIABETES AND IN PHOSPHORUS- 
POISONING ~ 


Ir is said that the sweet taste of diabetic urine was familiar 
to Susruta, a physician who lived in India during the seventh 
century. The disease, then as now, may have been more 
prevalent among the Hindoos than elsewhere in the world. 
In Europe the sweet taste of diabetic urine was discovered by 
Thomas Willis in 1674, but it was not till after another hundred 
years that Dobson, in 1715, showed that the taste was due to 
the presence of sugar. Subsequently the coexistence of a 
hyperglycemia was established. 

Claude Bernard found that the stimulation by puncture of 
a group of cells (the “diabetic center’’) lying in the medulla 
near the floor of the fourth ventricle gave rise to an excretion 
of sugar in the urine. This experiment is the source of the 
false impression that diabetes is essentially of nervous origin. 
It is called la pigire. 

Diabetes! is a disease of particular interest, since it is a 
departure from the physiologic condition involving the capac- 
ity of the organism to care for sugar in the normal fashion. 
All the symptoms are due to this one fact. No other disease 
has been more thoroughly investigated. The study of diabetes 
has wonderfully developed a knowledge of the intermediary 
metabolism of protein, fat, and carbohydrates. In presenting 
the details to the reader it may be remarked that the work 
done is prophetic of possible accomplishment along scientific 
lines in the study of disease. It is typical of that “scientific 
medicine” which affrights the spirits devoted to a passing 
empiricism. 

1 For an excellent monograph on this subject consult Foster, ‘Diabetes 
Mellitus,” 1915. 
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The foundation of modern knowledge on this subject was 
laid by von Mering and Minkowski! and by Minkowski? work- 
ing alone, who extirpated the pancreas in dogs and demon- 
strated that such animals became diabetic. 

Péligot? long ago showed that the sugar in diabetic urine 
was glucose. Geelmuyden‘* analyzed more than 30 diabetic 
urines which contained much sugar and could not detect the 
presence of maltose or any of the known disaccharids, 
though he suspected the presence of monosaccharids other 
than glucose. Von Noorden® states that fructose appears in 
the urine in cases of severe diabetes... 

The causes of the appearance of sugar in the urine are: 
(1) Either the organism cannot burn sugar, which therefore 
accumulates in the blood in excess of the normal, and is filtered 
through the kidney (diabetes mellitus, experimental pancreas 
diabetes); or (2) some tissues may lose their sugar-retaining 
function so that the normal regulatory control of the quantity 
of blood-sugar is lost or diminished (Bernard’s pigire, ali- 
mentary glycosuria, phlorhizin glycosuria). 

The stimulation of Bernard’s “diabetic center” is effective 
in its results only when the liver contains glycogen.® This 
form of glycosuria cannot be obtained in a starving animal. It’ 
is attributed to a sudden flushing of the liver with blood and a 
conversion of glycogen into sugar, so that hyperglycemia and 
sugar elimination through the kidney follow. 

Ishimori,’ working under Hofmeister’s direction, concluded 
that although in the fasting rabbit glycogen disappeared in 
the liver from the periphery of the lobule toward the center 
without evidence of glycogen as such appearing to be dis- 
charged, in the case of piqire, glycogen itself passed from all 


1 von Mering and Minkowski: ‘‘Archiv fiir exp. Path. und Pharm.,” 1890, 
XXVi, 371. 

? Minkowski: Jbid., 1893, xxxi, 85. 

3 Péligot: ‘Compt. rend. de l’Acad. des Sciences,”’ 1838, vii, 106. 

4Geelmuyden: “Zeitschrift fiir klinische Medizin,” 1910, lxx, 287. 

5 von Noorden: “Diabetes,” 1905, Pp. 50. 

8 Dock: “Pfliiger’s Archiv,” 1872, v, 571. 

7Ishimori: ‘“Biochemische Zeitschrift,” 1912-13, xIviii, 332. 
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the cells into the surrounding lymph-spaces and dilated blood- 
vessels. It has been suggested that piqire acts through a 
stimulation of the adrenal secretion, but Freund and Marchand! 
find after the extirpation of the adrenals that piqtre causes 
hyperglycemia, and argue that the adrenals are not the cause. 

Hofmeister? has discovered that the fasting organism is 
more susceptible to alimentary glycosuria than the well-fed 
one. He calls such a condition “‘starvation diabetes’ (see 
below). 

Asphyxial glycosuria, discovered by Araki, has already been 
described (see p. 422). Macleod’ found that if the liver were ex- 
cluded from the circulation by means of an Eck fistula in the dog 
no hyperglycemia followed asphyxiation. Furthermore, sever- 
ance of the hepatic nerves did not prevent asphyxial hyper- 
glycemia. Macleod therefore concluded that acids carried 
in asphyxial blood produced glycogenolysis in the liver cells. 
Analogous results were obtained by Blum,‘ who found that 
strychnin convulsions freed a dog’s liver of its glycogen even 
after cutting the vagus and splanchnic nerves. He concluded 
that chemical co-ordination was established through the blood 
between the muscle cells in need of sugar and the liver which 
could supply it. 

Elias® found that the intravenous injection of acids into 
dogs resulted in a discharge of glycogen by the liver in 
hyperglycemia and in glycosuria. He suggested that the 
acidosis in diabetes mellitus might exert a similar influence. 
In a later paper Elias and Kolb‘ state that the hunger diabetes 
of Hofmeister is due to the reduced alkalinity of the blood 
which accompanies fasting. Administration of alkali reduced 
or prevented this form of glycosuria. Hence, acidosis prevents 
the normal storage of glycogen. 


1 Freund and Marchand: ‘Archiv fiir exp. Path. und Pharm.,”’ 1914, lxxvi, 
324. 

2 Hofmeister: Ibid., 1890, xxvi, 355. 

3 Macleod: ‘American Journal of Physiology,” 1908-09, xxiii, 278. 

4Blum, P.: ‘Pfliiger’s Archiv,” 1915, clxi, 516. 

5 Elias: “‘Biochemische Zeitschrift,” 1912-13, xlviii, 120. 

6 Elias and Kolb: Jbid., 1913, lii, 331. 
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The acidosis which rapidly develops in both pancreas 
and phlorhizin glycosuria is, therefore, the cause of the almost 
complete removal of glycogen from the liver. 

Minkowski! noted that the livers of his depancreatized 
dogs were free from glycogen, and this fact has been confirmed 
by other observers. He also found that when fructose was 
given glycogen could be stored. 

Verz4r? has reported that the dog does not completely 
lose its power to oxidize glucose until the fourth day after 
pancreatectomy. Intravenous injection of a 10 per cent. 
glucose solution sufficient in quantity to raise the blood-sugar 
from 0.3 to 0.9 per cent. did not thereafter affect the respiratory 
quotient. During the first seven days, however, injection of 
fructose was able to raise the respiratory quotient, though on 
the twelfth and twenty-first days the administration of 
fructose was also without effect on this quotient. One may 
interpret the work as indicating that on the fourth day the 
organism lost the power to split glucose, whereas the ability 
to break fructose into oxidizable trioses or methyl-glyoxal 
remained intact. Later, the power to oxidize the three carbon 
atom chains was also lost, though the power to produce them 
and reconstruct them into glucose was preserved. There is 
no evidence existing which proves that sugar in order to be 
oxidized must first be converted into glycogen. That the 
diabetic liver cannot form glycogen from glucose appears 
from the experiments of Epstein and Baehr,? who performed 
pancreatectomy and double nephrectomy upon a cat which had 
fasted nine days. The blood-sugar, which before the operation 
had been 0.06 per cent., rose to 1.1 per cent. forty-eight hours 
after the operation, at which time the animal was killed. 
The liver proved to be free of glycogen and the muscle con- 
tained only 0.06 per cent. of the substance. 

Glycosuria which follows exposure to cold, as originally 


1 Minkowski: Loc. cit. 
2 Verzdr: ‘“Biochemische Zeitschrift,” 1914, Ixvi, 75. ; 
3 Epstein and Baehr: “Journal of Biological Chemistry,” 1916, xxiv, I. 
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observed by Araki,! is very likely due to the asphyxial element 
brought about by vasoconstriction. 

Bohm and Hoffmann? report that a dog barking at a cat 
induces glycosuria in the cat. Cannon and de la Paz’ term 
this “emotional glycosuria,” and have found that the cat’s 
blood contains an increased quantity of epinephrin as a 
sequence to the fright. This increased amount of epinephrin 
becomes the exciting cause of dilatation of the pupil, inhibition 
of the movements of stomach and intestines, acceleration of 
the heart, erection of the hairs on the back and on the tail, 
and the discharge of glycogen. 

Cannon has elaborated these results and presented them 
in the form of a popular book which holds that emotional 
impulses act upon the adrenals, causing them to discharge 
‘epinephrin, which, in turn, mobilizes the physical and chemical 
resources of the body for supreme mechanical effort in both at- 
tack and defense. 

Tying down a frightened rabbit to a board results in psychic 
glycosuria, the blood-sugar rising to 0.4 or 0.5 per cent. and 
the urine containing as high as 7.8 per cent. of sugar.‘ 

The urines of 34 men and of 36 women students were 
tested by Folin® before and after college examinations: 6 
men and 6 women showed small but unmistakable traces of 
glycosuria immediately after examination. This further illus- 
trates the phenomenon of emotional glycosuria. 

Alimentary glycosuria is seen in normal animals and in 
man when sugar is given in larger quantities than the glycogen 
regulatory function can care for. Moritz® found 2 grams of 

1 Araki: ‘Zeitschrift fiir physiologische Chemie,” 1892, xvi, 454; see also 
Wacker: Ibid., 1910, Ixvii, 197. 

2 Bohm and Hoffmann: ‘‘Archiv fiir exp. Path. und Pharm.,” 1878, viii, 
omer Cannon, Shohl, and Wright: “American Journal of Physiology,” rorr, 
xxix, 280. 

4Hirsch and Reinbach: ‘Zeitschrift fiir physiologische Chemie,” 1913, 


Ixxxvii, 122. 
5 Folin, Denis, and Smillie: “Journal of Biological Chemistry,’ 


1914, XVii, 


19. 
6 Moritz: “Verhandlungen des roten Congresses fiir innere Medizin,” 1891, 
P. 492. 
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glucose in the urine of a man after the ingestion of 200 grams. 
Such an alimentary glycosuria lasts between three and six 
hours. 

Moritz! observed o.2 to 0.3 per cent. of sugar in the urine of 
4 out of 6 healthy people who had partaken of a quantity 
of sweets and champagne. 

Evidently such conditions as these are not to be classed 
with diabetes mellitus, where there is a fundamental disturb- 
ance in the sugar-burning power in the organism. It would 
be of service to distinguish between glycosurias where the 
sugar-holding capacity of the organs has been diminished or 
overstrained, and the glycosuria of diabetes in which the sugar- 
burning capacity has been affected. For example, Kleiner 
and Meltzer? injected intravenously 4 grams of glucose per 
kilogram of animal into both normal and depancreatized dogs. 
The blood-sugar rose greatly in both groups of animals, but in 
the normal animals there was a rapid readjustment through 
elimination by the kidney, glycogen retention, and oxidation 
of glucose, whereas in the depancreatized animals, though re- 
moval of the glucose by the kidney was active, the other two 
functions were in abeyance and the blood-sugar continued at 
a high level long after it had readjusted itself in the normal 
animals. 

A special type of glycosuria is caused by phlorhizin® injec- 
tions, as was discovered by von Mering.4 Here the blood itself 
while passing through the kidney loses the power of retaining 
its normal sugar content and a hypoglycemia results. Some- 
times when the kidney is altered in Bright’s disease phlor- 
hizin is ineffective and no glycosuria follows its administration. 
The renal character of phlorhizin glycosuria was demonstrated 
by Zuntz,®* who placed cannulz in the upper portions of the two 

1 Moritz: “Deutsches Archiv fiir klinische Medizin,” 1890, xlvi, 217. 

2 Kleiner and Meltzer: “American Journal of Physiology,” 1914-15, Xxxvi, 
ie Lusk: “Phlorhizinglukosurie, Ergebnisse der Physiologie,” 1912, xii, 372. 
4von Mering: ‘‘Verhandlungen des stem Congresses fiir innere Medizin,” 


1886, p. 185. 
5Zuntz: ‘Archiv fiir Physiologie,” 1895, p. 570. 
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kidneys and injected phlorhizin into the renal artery of one. 
On the injected side sugar-containing urine appeared in two 
minutes, and three minutes later the kidney on the opposite 
side yielded sugar through its ureter. The delay was due to 
the lapse of time necessary for the transportation of the 
phlorhizin by the blood-stream from the injected kidney to the 
other one. In this form of glycosuria sugar ingested per os, or 
subcutaneously, or as formed in protein metabolism, is all 
eliminated in the urine.! 

Extirpation of the spleen has no influence upon the course 
of phlorhizin glycosuria.2 Nor has the establishment of an 
Eck fistula. An Eck fistula is one which diverts the whole 
of the portal circulation to the liver into the inferior vena 
cava, and leaves the liver supplied by the hepatic artery 
only. In this case the ingestion of glycocoll by the animal 
resulted in its complete transformation into urinary glucose, 
showing that the diversion of blood away from the liver in no 
way affected the synthetic production of sugar from this 
amino-acid. 

Levene found that the bile contained a small amount of 
glucose after the administration of phlorhizin, and this has 
been confirmed by Woodyatt.* 

Loewi® has conceived the idea that the blood-sugar is nor- 
mally in a loose combination with colloid substance. This 
colloid sugar cannot pass through the glomerulus. If, how- 
ever, sugar accumulates in the blood above the combining 
power of the colloid, then the crystalloid glucose readily passes 
away through the kidney. This condition exists in diabetes 
mellitus. In phlorhizin glycosuria the kidneys break up the 
colloid sugar, and the sugar may then be eliminated. Stiles 
and Lusk, while accepting Loewi’s theory, have added the 
hypothesis that the colloid sugar cannot be burned. Phlorhi- 


1 Stiles and Lusk: “American Journal of Physiology,” 1903, x, 67. 

2 Austin and Ringer: ‘Journal of Biological Chemistry,” 1913, xiv, 139. 
3 Sweet and Ringer: Jbid., p. 135. 

4 Woodyatt: Ibid., 1909-10, vii, 133. 2 

5 Loewi: “Archiv fiir exp. Path. und Pharm.,” 1902, xlviii, 410. 
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zin acting in the kidney will split the compound and permit the 
elimination of sugar. Any free glucose in the general circula- 
tion unites with the colloid radical and is protected from com- 
bustion, as is the case when 5 grams of glucose are admin- 
istered subcutaneously, only to reappear in the urine (Stiles 
and Lusk). The presence of a colloid-glucose combination 
is denied by Rosenfeld and Asher,! who find that the sugar of 
normal blood is readily diffusible. 

It was discovered by Ringer? that when a large quantity 
of glucose (75 grams) is given to a phlorhizinized dog it is com- 
pletely eliminated in the urine, and Lusk found that the inges- 
tion of this large quantity in no way affects the respiratory 
quotient (see p. 244). It is therefore evident that the com- 
pletely phlorhizinized dog has lost the power of oxidizing 
glucose. This probably does not occur on the first day of the 
administration of phlorhizin and may possibly be due to the 
development of acidosis (see p. 261). Stanley Benedict? 
reports that administration of glucose to the phlorhizinized 
dog causes the amount of blood-sugar to rise above the normal, 
which shows that sugar is present in ample concentration 
though it remains chemically untouched. 

Phlorhizin glycosuria is only temporary in character, and 
subcutaneous injections of alkaline solutions of the drug three 
or four times daily have been employed in order to obtain 
constant results. 

A more convenient method is that of Coolen,t who no- 
ticed that the subcutaneous injection of 1 gram of phlorhizin 
suspended in 7 c.c. of olive oil caused a glycosuria of maximal 
intensity which lasted between five and ten days. Common 
laboratory practice at present calls for daily injections of this 
material. 

The character of phlorhizin glycosuria has been dwelt upon 


1 Rosenfeld and Asher: “Zentralblatt fiir Physiologie, ”? 1905, XiX, 449. 
2 Ringer: “Journal of Biological Chemistry,” 1912, xii, 431. 
3 Guion, C. M., and Benedict, S. R.: Paper read before the American 
Society of Biological Chemists, 1915. 
4Coolen: ‘Archives de Pharmacodynamie,” 1895, i, 267. 
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because the protein metabolism is here identical with that 
observed in diabetes mellitus. 

Von Mering and Minkowski! removed the pancreas from 
dogs and obtained a condition which was markedly analogous 
to diabetes mellitus in man. There is hyperglycemia and a 
large excretion of glucose in the urine; ingested glucose cannot 
be burned, but is completely eliminated. The dogs show a 
considerable acidosis with excretion of -oxybutyric acid, and 
they die in coma.” If a portion of the gland remain in the 
abdominal cavity there is either no diabetes or only a partial 
diabetes. Minkowski’ reports that if a piece of the pancreas 
be ingrafted under the skin of a dog and afterward the whole 
of the remainder of the pancreas be removed from the abdomen, 
the dog’s urine remains free from sugar for two months, but 
on extirpation of the piece ingrafted under the skin an extreme 
diabetes sets in. 

Allen‘ reports that a dog which has a large part of its 
pancreas removed, but is free from diabetes, may gradually 
become diabetic by giving protein and fat, and may then 
manifest the spontaneous downward progress observed in 
human patients. 

By an operation which united the blood supply of two dogs 
Forschbach’ established the condition of parabiosis. On the - 
removal of the pancreas from one of the dogs neither developed 
diabetes. An analogous experiment is that of Carlson,’ who 
performed pancreatectomy upon bitches near ,to term and 
found little or no sugar in the urine. Here the embryo 
apparently furnished the mother with the substance essential 
to sugar oxidation. Murlin, however, in unpublished experi- 
ments finds that such dogs have diabetic respiratory quotients 


1yon Mering and Minkowski: ‘Archiv fiir exp. Path. und Pharm.,” 1890, 
XXVi, 371. 

2 Allard: Ibid., 1908, lix, 391. 

3 Minkowski: Jbid., 1908, Supplement-band, p. 399. 

4 Allen, F. M.: ‘Harvey Lectures,” 1916-17. 

5 Forschbach: ‘Archiv fiir exp. Path. und Pharm.,” 1909, lx, 131. 

6 Carlson, Orr, and Jones, W. S.: “Journal of Biological Chemistry,” 1914, 
XVii, 19. 
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(0.69), and suggests that the absence of glucose from the urine 
is due to carbohydrate retention by the fetus. 

It has long been known that diabetics eliminate sugar 
even after all administration of sugar is stopped. It has 
also been generally recognized that protein ingestion tends 
to increase the sugar output in the urine, while fat has no 
effect. 

A large amount of information has been collected concern- 
ing the relation between the urinary nitrogen and sugar 
elimination in the fasting and meat-fed diabetic organism. 
The dextrose to nitrogen ratio (D : N) is a key to the problem 
of the quantity of sugar which can be derived from protein 
metabolism (p. 173). 

Minkowski! was the pioneer who discovered that depan- 
creatized dogs, whether fasting or fed with meat, showed a con- 
stant elimination of 2.8 grams of glucose for each gram of 
nitrogen in the urine. This ratio (D:N :: 2.8: 1) was the 
average obtained from 7 dogs on twenty-two different days. 
The lowest ratio was 2.62:1, the highest 3.05:1. Some 
other operators have been unable to obtain these ratios. 
Pfliiger? finds a variable and generally lower ratio, and his dogs 
all died of abscesses. Embden’s’ ratios are all lower than 
Minkowski’s, and are probably due to incomplete extirpation 
of the pancreas. 

The accuracy of Minkowski’s results is indicated by the 
fact that the ratio (D : N : : 2.8 : 1) may be easily established 
by the administration of phlorhizin to rabbits, goats, cats, and 
in certain dogs whose kidneys have been somewhat affected, 
as, for example, by giving camphor. Phlorhizin acts first to 
cause a sweeping out of the excess of sugar in the organism, 
with a subsequent establishment of the ratio. (See table, p. 
463.) The ratios in different animals are given in the following 
table: 

1 Minkowski: ‘Archiv fiir exp. Path. und Pharm.,”’ 1893, xxxi, pp. 85, 
97. 


2 Pfliiger: “Das Glycogen,” 1905, p. 401. 
3 Embden and Salomon: ‘‘Hofmeister’s Beitrige,” 1905, vi, 63. 
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RATIOS IN DIABETES OF D:N::2.8:1 


Dosc.! Doc.? Cat.3 Goat.4 RaBBIT.5 
Day. 
Phlorhizin 
Pancreas A nue ie 
* and Phlorhizin. | Phlorhizin. | Phlorhizin. 
Diabetes. Camphor. 
Second day of diabetes. on a ue 2.95 2.89 
Third day of diabetes. . 2.88 Ae 2.93 2.90 2.69 
Fourth day of diabetes. 2.04 pe 2.80 2.78 
Fifth day of diabetes...| 3.00 a2 2.93 
Day unknown......... i 2.8 


The uniformity of the ratio as shown in different animals is 
very striking. One may calculate from these results that 45 
per cent. of the protein molecule may be converted into dex- 
trose in the course of metabolism. 

This, however, does not complete the story of the D:N 
ratio, for a higher ratio, or 3.75 : 1, was discovered by Reilly, 
Nolan, and Lusk® in the urine of dogs with normal kidneys, 
after subcutaneous injections of phlorhizin. This ratio was 
subsequently revised by Stiles and Lusk’ and found to be 
3.65 :1. The importance of this discovery was enhanced by 
the finding of Mandel and Lusk® that the same ratio may exist 
in human diabetes when the patient is given a diet of meat and 
fat. The ratios found on successive days are thus comparable: 


PHLORHIZINIZED Doc. PHLORHIZINIZED MAN. Drasetes MELLITus In Man. 
3.609 3.580 3.60! Bey 
3.65 3.82 3.05 3-56 
3.66 3.66 3.06 3.70 
3.62 
3.63 3.68 “ 3.64 3.66 


t Minkowski: Loc. cit., p. 9 

2 Jackson: “American "journal of Physiology,”’ 1902, viii, p. xxxii. 

3 Arteaga: Ibid., 1901, vi, 175. 

‘Lusk: “Zeitschrift fiir Biologie,” 1901, xlii, 43. 

5 Reilly, Nolan, and Lusk: “American Journal of Physiology,” 1808, i, 306. 

6 Reilly, Nolan, and Lusk: Loc. cit. 

7Stiles and Lusk: “American Journal of Physiology,” 1903, x, 67. 

8 Mandel and Lusk: “Deutsches Archiv fiir klin. Medizin,” 1904, Ixxxi, 479. 

®Stiles and Lusk: Loc. cit., p. 77. (Details, this book, p. 99. 

10 Benedict, S. R., and Lewis, R. C.: ‘Proceedings of the Society for Ex- 
perimental Biology and Medicine,” a xi, 134. (Details unpublished.) 

1 Mandel and Lusk: Loc. cit., p. 4 

2 Greenwald: “Journal of Biological Chemistry,” 1913-14, xvi, 375+ 
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In another place (p. 174) it has been shown that the D : N 
ratio does not vary after the ingestion of sufficient meat to 
double the quantity of nitrogen in the urine; the sugar also 
doubles. The sugar production is therefore proportional to 
the protein metabolism, and, apparently, must be derived 
from protein. 

Various objections have been raised to this statement. 
Other experiments, however, confirm the above proposition. 

Liithje! gave “‘nutrose’’ toa depancreatized dog. ‘““Nutrose”’ 
contains casein, but no sugar. The dog weighed 5.8 kilograms 
and eliminated 1176 grams of glucose during twenty-five days. 
The tissues of the dog could not possibly have contained over 
232 grams of glycogen at the beginning of the experiment. The 
source of the sugar could not have been the animal’s store of 
glycogen, but it must have arisen from either protein or fat. 

The D : N ratio of 3.65 : 1 was accepted by Lusk as being 
true for the dog because the greater number of the higher 
ratios which were found were established at this level. Janney? 
prefers to take the average of all determined D : N ratios and 
in this way arrives at a ratio of 3.43:1. He argues that, 
since 4.7 per cent. of the urinary nitrogen is in the form of 
creatin and creatinin, which are not glucose formers, a cor- 
rection would bring up the D:N ratio in the dog to 3.60. 
Although it is not clear why the urinary creatin and creatinin 
should be thus subtracted, for they are as truly metabolism 
products of protein as is urea, still Janney’s® experiments, 
which show the quantities of glucose produced from various 
forms of flesh, as determined through feeding experiments 
with the phlorhizinized dog, are of great interest and may thus 
be presented: 


SPECIES OF FLESH. Man. Doc. Raspit. —- Ox. CHICKEN. 
DS Niratione crete eeraee 3.6 3.6 3.8 3.6 3.4 
Glucose per 100 gm. of pro- : 
tein metabolized.......... 58 58 60 58 54 


1Liithje: ‘Pfliiger’s Archiv,” 1905, cvi, 160. 
2 Janney and Csonka: “Journal of Biological Chemistry,” 1915, xxli, 203. 
8 Janney and Blatherwick: Jbid., 1915, xxili, 77. 
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According to Janney,! the percentage quantity of glucose 
derivable from the following proteins is: casein 48, ovalbumin 
54, serum albumin 55, gelatin 65, fibrin 53, edestin 65, gliadin 
80, and zein 53 per cent. 

Pfliiger? would have it that fat metabolism is the principal 
source of sugar in diabetes. 

Giving fat with meat to a diabetic will not ordinarily in- 
crease the sugar in the urine. The writer has never observed 
such an increase in any of the work of his laboratory. A 
large production of sugar from fat has been elsewhere reported,’ 
and Cremer* finds that glycerin alone will increase the output 
of sugar in the urine. (See p. 262.) 

On giving meat in diabetes the fat metabolism is reduced 
as it would be in the normal organism, and yet there is no 
effect on the D:N ratio, and therefore the latter cannot be 
influenced by the quantity of fat burned. This is shown in a 
respiration experiment made by Mandel and Lusk® on a dog 
with phlorhizin glycosuria whose metabolism starving and after 
meat ingestion was as follows: 


CALORIES 
FROM CALORIES CALORIES, 
Dean, PROTEIN. FROMFatT. TOTAL. 
Haste cee newer dec. ere ter reo} , 80.2 274.4 354.6 
300 grams meat.......... 3-55 161.9 261.7 423.6 


The protein metabolism doubled when meat was ingested, 
the fat metabolism fell, but the D : N ratio remained constant. 

It has also been demonstrated that neither exposure to cold 
nor mechanical exercise, both of which result in a largely in- 
creased metabolism of fat, has any effect on the sugar output 
in pancreas diabetes® or in phlorhizin glycosuria.”?. Freund 
and Marchand? found that ten hours’ exposure to the winter’s 

1 Janney: ‘Journal of Biological Chemistry,” 1915, xx, 321. 

2 Pfliiger: “Pfliiger’s Archiv,” 1905, cviii, 115. 

3 Hartogh and Schumm: “Archiv fiir exp. Path. und Pharm.,” 1901, xlv, 11. 

4Cremer: “Miinchener med. Wochenschrift,” 1902, xlix, 944. 


® Mandel and Lusk: “American Journal of Physiology,” 1903, x, 54. 
6 Allard: “Archiv fiir exp. Path. und Pharm.,” 1908, lix, 111; Seo, [bid., 


Pp. 341. F bs 
7Lusk: ‘American Journal of Physiology,” 1908, xxii, 163. y 
8 Freund and Marchand: “Archiv fiir exp. Path. und Pharm.,”’ 1913, Ixxiii, 
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cold reduced the blood-sugar of a phlorhizinized dog to zero. 
The writer found in a phlorhizinized dog which had been rid of 
glycogen by shivering and exercise that the composition of 
the urine was unchanged as the result of traveling 1500 
meters in a revolving wheel, an effort which would have more 
than doubled the metabolism of fat during the hour when the 
exercise was taken. The analytic data for two-hour periods 


were the following: 
GuiucoseE. NITROGEN. D:N. 


Resti...-. ag’ ieee: ae aren ene 4.57 1.20 3.63 
Work, 1500 meters during first hour 4.62 1.26 207, 


In this experiment exercise was without influence on the 
excretion of nitrogen. If, however, the animal contains 
residues of glycogen which as a result of exercise are converted 
into sugar and eliminated, then there is also an increased 
nitrogen elimination as the result of work. This is suggestive 
of a chemical union between glycogen and nitrogenous sub- 
stances. 

The theory of the origin of sugar from fat was supported by 
Falta,! who found a largely increased sugar output after 
administering adrenalin to dogs with pancreas diabetes. 
Among the cases of high D : N in human diabetes reported 
from von Noorden’s clinic that described by Bernstein, 
Bolaffio, and Westenrijk? is the most remarkable. The ratio, 
after deducting the carbohydrates ingested in the food, often 
reached D:N :: 10:1. The high ratios in diabetes are 
explained by Falta as being due to very great activity on the 
part of the adrenals which not only inhibits the internal 
secretion of the pancreas, but also causes a production of 
sugar from fat. However, Ringer,’ working in the author’s 
laboratory, finds that if adrenalin be administered to a fasting 
phlorhizinized dog, although the first administration of the 
drug may bring about an elimination of “extra sugar” which 

1 Eppinger, Falta, and Rudinger: ‘‘Zeitschrift fiir klinische Medizin,” 
1908, Ixvi, 1. 


? Bernstein, Bolaffio, and Westenrijk: Ibid., 1908, Ixvi, 378. 
3 Ringer: ‘Journal of Experimental Medicine,” 1910, xii, 105. 
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may be discharged from the glycogen repositories of the body 
on account of the anemia of the tissues (see p. 447), a second 
injection of adrenalin may be entirely without influence on 
either the sugar or nitrogen elimination. This indicates 
that adrenalin does not cause a production of sugar from fat. 

The high D:N ratios reported above, as well as many 
similar observations described in the literature, are unques- 
tionably due to the surreptitious ingestion of food containing 
carbohydrate. 

Falta explains the results of many experiments by stating 
that while the secretory activities of thyroid and adrenals are 
each stimulated by the secretions of the other, the activity of 
the pancreas is in like manner inhibited by the secretions of 
the other two glands. Therefore supersecretion of adrenalin 
inhibits the secretory function of the pancreas so that the 
organism can no longer oxidize carbohydrates, and at the same 
time it stimulates the thyroid, causing increased protein 
metabolism. Furthermore, in exophthalmic goiter, where 
there is supersecretion in the thyroid gland, there is a tendency 
to glycosuria, and it is believed that true diabetes has been 
induced by this cause.! Administration of thyroid extracts to 
dogs also produces glycosuria. Cecil,? working under Opie’s 
direction, finds lesions of the pancreas in cases of diabetes 
associated with exophthalmic goiter, and Forschbach and 
Severin,? in Minkowski’s clinic, believe that there is very 
likely a slight disturbance of the pancreas in some cases of 
hyperthyroidism. : 

The complicated theorizing of the von Noorden school, 
as represented by Falta’s statements, found early acceptance 
among ‘clinicians. However, there are many demonstrable 
errors in the presentation. Thus Ringer, in the experiments 
mentioned above, found no increase in the protein metabolism 


1Magnus-Levy: von Noorden’s “Handbuch des Stoffwechsels,”’ 1907, 
Bd. ii, p. 333. ‘ cay : 

2 Cecil: “Journal of Experimental Medicine,” 1909, xi, 266. 

8 Forschbach and Severin: ‘Archiv fiir exp. Path. und Pharm.,” 1914, lxxv, 
168. 
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of his dogs after giving them-epinephrin, and Lusk! found the 
same to be true in normal dogs, and also discovered that if 
glucose were given to normal dogs and then epinephrin were 
administered the respiratory quotient rose to unity, showing a 
normal combustion of carbohydrate. 

Fuchs and Roth? state that the respiratory quotient in- 
creases in human beings after the subcutaneous injection of 
epinephrin, as appears below: 


BEFORE. EPINEPHRIN. AFTER. 
0.85 0.91 0.84 
0.87 0.96 0.86 


It is evident that the theory that epinephrin causes a 
production of sugar from fat, decreases the power of the organ- 
ism to oxidize glucose through inhibition of pancreatic func- 
tion, and stimulates the thyroid so that protein metabolism 
is increased, is untenable in any of its particulars. 

In the matter of the thyroid being the cause of the high 
protein metabolism in diabetes, von Noorden is right. Ep- 
pinger, Falta, and Rudinger* extirpated both pancreas and 
thyroid and found that the protein metabolism was almost the 
same as in the normal dog instead of being increased three- 
or fourfold, as occurs when the pancreas alone is extirpated. 
The D : N ratio was at first 3.5, but declined after a few days to 
2.8. 

Von Noorden suggested to the writer of this book that the 
increased total metabolism which follows the administration of 
phlorhizin (see p. 474) would not take place if the thyroid 
gland had been previously extirpated. Lusk* determined the 
metabolism of a dog after complete thyroidectomy with re- 
moval of three parathyroids and found it to be 19 calories per 
hour, whereas after phlorhizin administration values of 20.3 


1QLusk: ‘Archives of Internal Medicine,” 1914, xiii, 673. 

2 Fuchs and R6éth: ‘Zeitschrift fiir ex. Path. und Ther.,” 1912, x, 187. 

3 Eppinger, Falta, and Rudinger: ‘Zeitschrift fiir klinische Medizin,” 
1908, lxvi, I. 

4Lusk: Proceedings of the XVIIth International Congress of Medicine, 
Section on Physiology, London, 1913, p. 13. 


METABOLISM IN DIABETES AND PHOSPHORUS-POISONING 461 


and 19.3 calories per hour were found, determined one and 
three days after diabetes had been induced. The usual rise in 
protein metabolism and total metabolism were absent. After 
the ingestion of meat, however, the heat production increased 
and rose on one occasion from a basal value of 17.5 to 26 
calories per hour, an increase of 50 per cent. The urinary 
nitrogen largely increased and the process of amino-acid 
stimulation was in full play, notwithstanding the absence of 
the thyroid gland. This naturally suggests the hypothesis 
that the reason why there is no increased heat production in 
diabetes after thyroidectomy is that there is no rise in the 
quantity of protein metabolized. 

As shown by Parhon and by Cramer (see p. 442), thyroid 
ingestion causes the liver to discharge glycogen. Conversely, 
after thyroid extirpation the liver should retain glycogen more 
tenaciously than before. This, at least, would explain the 
long continued high D :N ratios observed by Lusk in phlo- 
rhizinized dogs after thyroidectomy and by Miura! in rabbits 
similarly treated. 

In contradiction to the statements of Eppinger, Falta, 
and Rudinger, and of Miura, Underhill? finds that epinephrin 
glycosuria may be as easily produced in thyroidectomized as in 
normal animals. 

The subject of the correlation between the various glands 
of internal secretion is evidently one as replete with oppor- 
tunities for the play of the imagination as it is for enlighten- 
ing experimental research. 

A question of special interest is the cause of the two D : N 
ratios, 2.8 :1and 3.65 :1. The former represents a production 
of 45 per cent., the latter one of 58 per cent. of sugar from meat 
protein. In neither case can ingested glucose be burned. 
It is, of course, possible that the sugar production varies under 
different circumstances; that is to say, the organism (liver?) 
may be able at times to produce sugar from a certain class of 


! Miura: ‘‘Biochemische Zeitschrift,” 1913, li, 423. My 
2 Underhill: “American Journal of Physiology,” 1910-11, xxvii, 331. 
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protein decomposition products, and at other times not. For 
example, it has been noted (p. 201) that glutamic acid is 
convertible into glucose in the dog, but Neuberg! testifies 
that it may also be converted into butyric acid from which 
sugar cannot be formed. Or, one may adopt the hypothesis of 
Mandel and Lusk,? which assumes a difference between 
a-colloid glucose and £-colloid glucose existing in the blood. 
By a-glucose is understood the amount of glucose represented 
by the ratio D:N :: 2.8:1, or 45 per cent. of the protein. 
The §-glucose represents the additional 13.6 per cent. of the 
protein, when the ratio 3.65 :1 is present. The ratio would 
depend on the combustion or non-combustion of the 6-glucose. 
If the latter burns, it must do so as a complex, for as free 
glucose it would be eliminated in the urine. 

This theory of a difference in chemical union would explain 
the fact discovered by Straub’ for carbon monoxid “diabetes” 
and by Seeligt for glycosuria following ether inhalation, that 
sugar appears in the urine in large quantity if a dog be fed 
with meat, but disappears if the animal be given carbohydrate 
alone. Seelig found no glycosuria when an intravenous in- 
fusion of oxygen was administered at the same time that 
ether was given. It may be that lack of oxygen causes a 
dissociation of either a- or 6-colloid glucose derived from 
protein, which glucose then appears in the urine. This 
suggestion is, however, highly speculative. 

One of the very pronounced characteristics of the diabetic 
is his constant emaciation. There is usually a larger excretion 
of nitrogen in the urine than is necessary for a healthy person. 
It may be recalled that carbohydrates diminish the protein 
metabolism, and also that a person may support life on meat 
and fat alone without tissue waste. But in this latter case 
there is a supply of carbohydrate derived from protein metab- 


1 Brasch and Neuberg: ‘‘Biochemische Zeitschrift,” 1908, xiii, 299. 

2Mandel and Lusk: ‘Deutsches Archiv fiir klinische Medizin,” 1904, 
Ixxxi, 401. 

3 Straub: “Archiv fiir exp. Path. und Pharm.,” 1897, xxxviii, 139. 

4Seelig: Ibid., 1905, lii, 481. ; 
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olism. This is also true in starvation. But when the protein 
sugar is withdrawn from the tissue cells in diabetes, there is at 
once a largely increased protein metabolism. This is most 
obvious in fasting animals treated with phlorhizin, as the 
glycosuria can be immediately induced. The increase in 
protein metabolism is most marked where the higher D :N 
ratio exists. In this connection the following experiments on 
fasting animals are suggestive: 


TABLE ILLUSTRATING THE INFLUENCE OF DIABETES ON 
PROTEIN METABOLISM 


Goart.! Doc.? 

D N D:N. D N D:N 
ASIN OAC eee er rcktereh,  seecn ais 3-72 ENNIS. 4.04 
aS hin pe ees Wn tare cli) id 8.2% Sir Wee eee || ee eae 4.17 


Fasting and diabetic...| 20.33 4.90 4.15 63.55 | 12.66 5.02 
“ “ec 


ce ae 23.39 8.06 2.90 65.84 | 18.57 3-54 
“ “ 19.01 6.84 2.78 64.80 17.29 3-74 


In the goat the protein metabolism rose to 238, in the dog to 
450 per cent. of that in the normal animals, as the result of the 
loss of the influence of the small quantity of protein sugar 
produced in starvation. 

Falta, Grote, and Staehelin’ found increases in the protein 
metabolism of fasting dogs which had been depancreatized, 
equal to three- and fivefold the normal amount. 

In the case of diabetes mellitus reported by Mandel and 
Lusk where the ratio D : N was 3.65 : 1, it was found that the 
ingestion of broths containing 7.7 grams of nitrogen was fol- 
lowed by an elimination of 21.7 grams of nitrogen in the urine 
or a loss of body nitrogen approximating 14 grams. The 
patient was greatly emaciated, and passed this day in bed. 


1 Lusk: “Zeitschrift fiir Biologie,” 1901, xlii, 43. : . ; 
2 Reilly, Nolan, and Lusk: “American Journal of Physiology, 1808, i, 397. 
3 Falta, Grote, and Staehelin: “Hofmeister’s Beitrige,” 1907, x, 199. 
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He could not be maintained in nitrogen equilibrium with 
19 grams of protein nitrogen in the food, but was in nitrogen 
equilibrium when given 27 grams. In all cases of intense 
diabetes this factor of an increased protein metabolism must 
be considered. In mild cases in which sugar disappears from 
the urine when carbohydrates are cut out of the food, and in 
which the patient may burn his protein sugar, the protein 
metabolism is not different from that of a normal person 
living on meat and fat. 

As would be expected under conditions involving an in- 
crease in protein metabolism, amino-acids are found in 
increased quantities in both blood and urine of diabetic 
patients.! 

The preéminence of fat metabolism in the diabetic as the 
mainstay of his organism leads to inquiry as to the origin of 
the fatty acid called B-oxybutyric acid, and of aceto-acetic acid 
and aceton which are directly derived from it.2 Whence do 
these aceton bodies arise? They were at first supposed to 
come from glucose, following a chemical process analogous to 
the butyric acid fermentation of carbohydrates, but it was 
soon discovered that in normal persons the aceton bodies were 
especially found in the fasting state. Many then attributed 
the presence of aceton to the specific breakdown of body 
protein, since, when protein was given in the food, the aceton 
bodies disappeared in the urine. However, Magnus-Levy’ has 
reported a case of a boy in coma who eliminated an average of 
97.5 grams of B-oxybutyric acid and aceto-acetic acid daily 
for three days in addition to an unmeasured quantity of aceton 
in the breath, and during this time the protein metabolism 
amounted to go grams, of which latter at least 40 grams ap- 
peared as sugar in the urine. The 97.5 grams of aceton 
bodies in this case could not have been entirely derived from 


1 Galambos and Tausz: “Zeitschrift fiir klin. Med.,” 1913, Ixxvii, 14; 1914, 
Ixxx, 381. Léffler: Ibid., 1913, xxviii, 483. 

2 This description i is taken from Lusk: “Metabolism i in Diabetes,” Harvey 
Society Lecture, “Archives of Internal Medicine,” 1909, lil, 1. 

3 Magnus-Levy: “Ergebnisse d. inn. Med. ” 1908, i, 374. 
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the 90 grams of protein, but they must have originated largely 
from fat. 

Stadelman! first pointed out the relationship between the 
formation of B-oxybutyric acid and the occurrence of coma. 
Coma has been compared to the sword of Damocles which 
hangs suspended over every diabetic. It has been discovered 
that whenever the organism is thrown suddenly from a carbo- 
hydrate regimen to a combustion of fat the aceton bodies 
appear in the urine. This condition is greatly intensified in 
diabetes when even the sugar derived from protein is not 
burned. 

Each molecule of butyric acid can yield one of 8-oxybutyric 
acid. It has been calculated by Magnus-Levy? that 100 grams 
of neutral fat made of stearin, palmitin, and olein may yield 
36.2 grams of B-oxybutyric acid. It is therefore evident that 
the higher fatty acids are the more valuable nutriment. 
Butter, with its high content of butyric acid, largely increases 
the output of the aceton bodies in diabetes; 50 to 100 
grams of butter fat when administered to a diabetic may raise 
his urinary aceton four- to eightfold. Oleomargarin is to be 
preferred. 

Magnus-Levy! gave 11.7 grams of B-oxybutyric acid to a 
normal dog. This was completely burned. He then gave 
II.5 grams to a phlorhizinized dog, with the result that there 
was an increased elimination of 7.6 grams of 6-oxybutyric 
acid and aceton. Since some aceton was eliminated in the 
breath, it is evident that the animal had largely lost the power 
to burn ingested B-oxybutyric acid. 

The evidence concerning the formation of the aceton 
bodies from fat and from some amino-acids has already been 
discussed (see p. 208). It suffices here to recall that Otto 
Neubauer® found that the ingestion of either B-oxybutyric 


1Stadelman: ‘“Experimentelle-klinische Untersuchungen,” Stuttgart, 1890. 

2 Magnus-Levy: ‘Ergebnisse d. inn. Med.,” 1908, i, 384. 

3 Fejes: ‘Magyar orvosi Archivum,” 1907, vili, 335. 

4 Magnus-Levy: “Ergebnisse d. inn. Med.,” 1908, i, 372. 

5 Neubauer, O.: ‘Verhandlungen des deutschen Congresses fiir innere 
Medizin,” 1910, xxvii, 566. 
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acid or aceto-acetic acid by a diabetic patient always caused 
the partial excretion of the one given in the form of the 
other. The reaction is reversible: 


CH;.CHOH.CH2.COOH + O=CH;.CO.CH2.COOH + H;0. 


In marked acidosis Neubauer found that 6-oxybutyric acid 
amounted to between 60 and 80 per cent. of the total urinary 
aceton bodies. 

If a surviving liver be perfused with blood containing 
B-oxybutyric acid, the latter is in part converted into aceto- 
acetic acid. Minced liver or even’the aqueous extract of 
liver tissue will effect the same reaction. 

Fischler and Kossow? report that the formation of aceton 
bodies in a phlorhizinized dog is decreased in the presence of 
an Eck fistula, whereas if a “reversed” Eck fistula be created 
by diverting the blood from the vena cava into the portal 
vein, the excretion of aceton bodies is increased fivefold. 
This points to the liver as the main source of the aceton 
bodies, if one may accept conclusions drawn from experi- 
mental conditions so profoundly abnormal. 

The quantity of the aceton bodies in.the blood is given by 
Marriott* as follows: 


| 
| In 100 C.C. or BLoop. 


| Acreto-Acetic Acip B-OXYBUTYRIC 
AND ACETON. Aci. 
Milligrams. Milligrams. 
0.04 3.2 
Normal, dof... cectee sen eeeee {| 0.08 1.7 
{ 0.06 1.7 
: f 0.06 4.4 
Normal child: i203. tees \ at 44 
Phlorhizinized Woe.) Acca: tier oie: 7.2 10.4. 
Diabetic childan'comai.) 5. .,. eee 23.4 24.8 


1 Embden and Engel: “Hofmeister’s Beitrige,” 1908, xi, 323. : 

2 Wakeman and Dakin: “Journal of Biological Chemistry,” 1909, v1, 373- 
3 Fischler and Kossow: “Deutsches Archiv fiir klin. Med.,” 1913, cxi, 470. 
4 Marriott: “Journal of Biological Chemistry,” 1913-14, XVi, 293. 
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The increase in the aceton bodies in the blood is greatest 
in diabetes mellitus in man, is not so marked in phlorhizin 
glycosuria in dogs, and is least of all present in depancreatized 
dogs. Sassa! states that the organs of diabetic men dying in 
coma may contain eight times the normal quantity of B-oxy- 
butyric acid, the liver showing relatively the greatest storage 
of the substance. In one instance (Case II) 130 milligrams of 
B-oxybutyric acid were found in too grams of the body tissue 
of a man weighing 70 kilograms, and the author computes the 
presence of 85 grams of the substance within the body. 
Marriott’s? highest figures for 100 c.c. of diabetic blood in man 
are 28 milligrams of aceto-acetic acid and 45 milligrams of 
B-oxybutyric acid. ; 

The demonstration by Ringer® that propionic acid was 
completely converted into glucose and that higher fatty acids 
with wneven numbers of carbon atoms yielded glucose in so 
far as they might form propionic acid by 8-oxidation, presents 
the theoretic possibility of giving to diabetics fats containing 
these fatty acids, which would yield innocuous glucose instead 
of acid bodies as the end-products of oxidation. Practical 
difficulties in the preparation of such fats have alone prevented 
Ringer from testing the efficiency of their administration to 
diabetic subjects. 

The result of the formation of acid bodies in the organism 
leads to a condition of acidosis, the alkali reserves being called 
upon. Not only does ammonia increase in the urine, but there 
may be a marked fall in the carbon dioxid content of the 
blood due to a diminution in the quantity of bicarbonate of 
soda. Magnus-Levy‘ reports an extreme case in which 100 
c.c. of the blood of a diabetic just before death in coma 
contained only 3.3 c.c. of carbon dioxid instead of 40 c.c. 
normally present. 


1Sassa: ‘Biochemische Zeitschrift,’ 1913-14, lix, 362. 

2 Marriott: “Journal of Biological Chemistry,” 1914, xviii, 507. 

3 Ringer: Jbid., 1912, xii, 511. 

4Magnus-Levy: ‘Archiv fiir experimentelle Path. und Pharm.,” roo1, 
xlv, 380. 


468 SCIENCE OF NUTRITION 


The reduction in the carbon dioxid combining power of 
the blood and the consequent lowering of the carbon dioxid 
tension in the alveoli do not appear in the earlier days of 
acidosis, provided the acids formed be neutralized with am- 
monia.!. The withdrawal of alkali occurs later. Rona and 
Wilenko? find that, despite the acidosis, the hydrogen ion 
concentration of the blood may remain normal on account of 
the compensation brought about through the removal of 
carbon dioxid by the lungs and of acids through the urine. 
Notwithstanding this control over the blood, the authors 
believe it possible that there may be a local increase of the 
hydrogen ion concentration in certain cells and tissues. 

Concrete cases of blood analyses are offered by Poulton® 
(see p. 221), who reports concerning the blood of 7 diabetic 
patients. The first 6 possessed a normal blood reaction. One 
of them (E. M. S.) following the first examination fell into 
deep coma and twenty-two hours later showed an abnormally 
high hydrogen ion concentration. E.H., whose blood reaction 
was similar, was also in deep coma. The first two patients 
gave no indication of coma, but all the others were drowsy. 
B. died in coma eighteen hours after the examination of his 
blood, which had been normal in reaction. 

The figures are in part as follows: 


Soprum 
PATIENT. ALVEOLAR COs. Pi. BICARBONATE 

Datty. 

Mm. Grams. 
E.R. raion ceemeacene 38.3 —7.33 ° 
B. Rac erect ee eae 22.0 — 7.25 45 

IY, Biche easter ereoe 18.6 — 7.36 Ta 
IMs D enteontie «aie peieraneds 16.8 —7.36 6 
Bias, MS? Sea eee PEL 17,38 8 
Bi sackets Oe coeeeee 12.1 —7.35 45 
| alo BM ets ROR Se hte, 8.1 —7.19 60 
E. Si Mier ate ype —7.18 45 


1 Miinzer: “Zeitschrift fiir exp. Path. und Therapie,” 1914, xvi, 281. 
2 Rona and Wilenko: ‘Biochemische Zeitschrift,” 191 3-14, lix, 173. 
3 Poulton: “Journal of Physiology,” rors, |, p. 1. 
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On the basis of work on a diabetic and comatose boy weigh- 
ing 32 kg., Magnus-Levy! makes the following computation of 
metabolism. He purposely assumes a high requirement of 
energy for a lad of this size, or 50 to 55 calories per kilogram, 

.which calls for a total of 1600 to 1700 calories. The boy 
burned go grams of protein and perhaps 200 grams of fat: 


CALORIES. 
go grams protein = 369 calories ots 8 
200 grams fat eT OOO CAlOTIES 2. ee I Fev 
Deduct 97.5 grams oxybutyric acid, 443 calories 
Bo mere = 628 
Deduct 50 grams urinary sugar, 185 calories... . 
Galories availablevmemyars wagers: civs sae sinrereniea teins aie « 1650 


Here we perceive an extreme case of diabetic metabolism 
in which half the energy contained in protein is excreted in 
urinary sugar and 20 per cent. of that contained in fat is 
eliminated in the unburned 6-oxybutyric acid. 

This, then, is the worst picture of the perverted metabolism 
in diabetes. Sugar cannot burn, fat burns only as far as 
6-oxybutyric acid, and as for protein, a part of its amino-acids 
are converted into sugar and another part into B-oxybutyric 
acid, neither of which can be burned. 

It is notable that the phlorhizinized cancer patient of 
Stanley Benedict (see p. 455) who had a D :N ratio of 3.66 
excreted 37 grams of B-oxybutyric acid and 4 grams of am- 
monia daily, which shows that the acidosis of diabetes is co- 
incident with a lack of sugar oxidation. In the diabetic C. K. 
(see p. 478) a fall in the B-oxybutyric acid excretion preceded 
the break in the D : N ratio (consult p. 271). 

Von Noorden? and Magnus-Levy* report cases in which 
there was a considerable excretion of aceton bodies in the 
urine when carbohydrates were burned. For example, one 
patient eliminated 4.9 grams of B-oxybutyric acid on a day 
when 4o grams of starch were ingested and burned. There 

1 Magnus-Levy: ‘Ergebnisse d. inn. Med.,” 1908, i, 385. 


2von Noorden: ‘Pathologie des Stoffwechsels,” 1907, ii, 77. 
8’ Magnus-Levy: ‘Ergebnisse d. inn. Med.,” 1908, i, 404. 
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are great individual variations. Thus, Staubli! reports con- 
cerning a diabetic man whose ordinary mixed diet was 
changed to one of meat and fat, including 50 grams of bread, 
the whole containing 3200 calories. After ten days of this 
diet, during which the sugar output remained nearly constant 
at 100 grams, the 8-oxybutyric acid fell from 37.5 grams daily 
to nothing. In commenting on his results Staubli says: 
“The important factor which causes a more serious condition 
in the metabolism of a diabetic is the quantity in which carbo- 
hydrate is administered in excess of the tolerance for sugar. 
Damage caused by a continual overworking of the sugar- 
burning capacity plays a large part in the progress of the dis- 
ease. The considerable withdrawal of carbohydrates from 
the diet, even in cases of severe diabetes with high acidosis, 
exerts an extraordinarily beneficial influence. This can be in 
part explained by the increased ability to burn sugar on ac- 
count of the conservation of the body’s power in this direction. 
The improvement in the capacity for sugar combustion ex- 
erts on its side a beneficial action on the acidosis.” 

Turning the attention now to the character of the total 
metabolism, one finds that the severely diabetic patient lives 
at the expense of protein and fat, both of which are incom- 
pletely oxidized by his organism. It follows that the ordinary 
methods of computation of the respiratory quotients and of 
the heat value of the protein and fat metabolism must be 
scrutinized. 

Magnus-Levy? was the first to make calculations of this 
sort. Lusk* has reviewed the subject and has published a 
calculation for the value of the respiratory quotient of protein 
when the urinary D : N ratio is 3.65: 


Oz. COs. 
Grams. Grams. 
Normal oxidation of too grams beef 
protein: >.) jie ae eee eee 138.18 152.07 
Deduction for 16.28 gm. X 3.65 which . 
corresponds to 59.41 gm. glucose..... 63.38 87.15 
74.80 65.02 


1 Staubli: ‘Deutsch. Arch. f. klin. Med.,” 1908, xciii, 125. 
2? Magnus-Levy: “Archiv fiir Physiologie,” 1904; 370. 
’ Lusk: “Archives of Internal Medicine,” 1915, xv, 939. 
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Converting the ratio of weights into the ratio of volumes 
one finds that the diabetic R. Q. for protein is 0.632. 

The following calculation shows the caloric value to the 
organism of t gram of urinary nitrogen in diabetes when the 
1) S18 3.65; 


CALORIES. 
Normal value of 1 gm. urinary N.. a ert ash ek 2Os SL 
Deduct glucose 3. 65 X 3.692 calories............. We 13-47 
Value of 1 gm. urinary N in diabetes............... 13.04 


If large amounts of ammonia are eliminated without being 
synthesized to urea—which is produced by an endothermic 
reaction—1 calorie per gram of such extra ammonia nitrogen 
may be added to the calculated heat production. 

If one uses the modified figures to calculate the “non- 
protein respiratory quotient” in severe diabetes, it is found 
that the combustion of fat is indicated. A few illustrative 
calculations are given below, taken from the work of Lusk and 
of Allen and DuBois: 


NON-PROTEIN 
D:N. R.Q R. Q. 
Phlorhizinized dog........ 3.54 0.687 0.704 
Diabetic man (G. S.).. a8 0.607 0.700 
Diabetic man (C. K. ie ay 3-97 0.687 0.699 


The last subject eliminated 71 grams of 8-oxybutyric acid 
on the day of the experiment. It is evident that when allow- 
ance is made in the calculations for the altered course of the 
metabolism of protein in diabetes, the remainder of oxidizable 
substance possesses approximately the respiratory quotient of 
fat, which is 0.707. 

Theoretically speaking, the subject is more complicated. 
For example, if ammonia be used to neutralize B-oxybutyric 
acid, the carbon dioxid with which it would have united to 
form urea will be eliminated in the respiration and tend to 
raise the respiratory quotient. 

Magnus-Levy has called attention to a possible reduction 
in the respiratory quotient when 8-oxybutyric acid is formed 
from fat. He estimates that the maximal quantity of B-oxy- 
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butyric acid derivable from 10oo grams of fat is 36 grams. 
Under these circumstances, the respiratory quotient for fat 
would be reduced from 0.707 to 0.669. The case is not so 
simple, however, for if the 36 grams of acid formed neutralized 
sodium bicarbonate, 15.23 grams of carbon dioxid would be 
eliminated. 

These relations are shown in the following table: 


THEORETIC RESPIRATORY QUOTIENT hee B-OXYBUTYRIC 
ACID FORMED FROM FAT 


Oxycren, Carson Dioxmp, 


Liters. Liters. RO: 
TOO Pin. ate eee ae 201.9 142.73 0.707 
36 gm. B-oxybutyricacid. 34.85 30.96 0.889 
167.05 ity 0.669 
Add for 15.23 gm. CO» 
from NaHCO ......... 7.74 
Possible end-result....... 167.05 119.51 0.715 


Since other bases than sodium bicarbonate may be used for 
the neutralization of 6-oxybutyric acid, it is apparent that 
the exact determination of the theoretic respiratory quotient 
when this acid is produced in large amounts in human diabetes 
is at present impossible. 

The establishment of the diabetic quotient at the level of 
0.69 also throws light on the dogma regarding the conversion 
of fat into sugar. Pembrey' calculated that if olein were in 
large part converted into glucose the respiratory quotient for 
the reaction would be 0.281. The actual findings of the res- 
piration measurements carry the refutation of the idea that 
fat may be converted into sugar. 

It may be well to insert a warning against the too literal 
interpretation of respiratory quotients obtained under grossly 
abnormal circumstances. This may be illustrated by the ex- 
periments of Porges and Salomon,? who ligated the abdominal 
aorta and the inferior vena cava just below the diaphragm in 
depancreatized dogs, thereby cutting off the blood-supply to 
the abdominal organs and probably eliminating half the normal 


1Pembrey: “Journal of Physiology,” 1901-02, xxvii, 71. 
2 Porges and Salomon: ‘Biochemische Zeitschrift,” 1910, xxvii, 143. 
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quantity of blood from the circulation. Under these circum- 
stances the respiratory quotient rose to unity and the authors 
concluded that the diabetic organism could oxidize glucose. 
This doctrine was refuted by Murlin, Edelmann, and Kramer,} 
who showed that the high respiratory quotient was merely 
incident to the elimination of carbon dioxid from the blood 
itself. 

One by one the bulwarks of the doctrine of the conversion 
of fat into glucose have been shattered, and it may now be 
relegated to the realm of scientific superstition. 

Among the earliest investigations of Pettenkofer and Voit? 
was a respiration experiment on a diabetic individual. The 
authors compared the metabolism of a diabetic with that of a 
normal man, as indicated in the following table: 


COMPARISON OF A NORMAL AND A DIABETIC MAN 


GRAMS. Grams BURNED 
IN THE Foon. IN THE Bopy. 
Healthy man, Eroteliser ser. << 5.262. 120 120 
% SON OT ets > O.d. > og A eee 112 83 
i Rae SUS ATA Rents ots Shc. oce-ore 344 344 
Diabeticmmany Protein sseeieras scless vei a0 10 107 158 
= EA OPN ie le ts Ste 108 158 
ve JS SRST Tigh ee 8 Be 337 ° 


(337 grams of sugar in the urine.) 


It is seen here that the fat and protein metabolism are in- 
creased in order to compensate for the non-combustion of the 
sugar. Several years later, on the basis of these experiments, 
E. Voit calculated that a diabetic on a moderate mixed diet 
yielded 1015 calories per square meter of surface, while the 
normal individual of similar build produced 1020 calories. 

The diabetic condition, therefore, does not involve a de- 
crease in the quantity of energy produced, but only an altera- 
tion in the source of the energy. 

In 1910 DuBois and Veeder® published experiments ac- 
complished with Pettenkofer-Voit respiration apparatus in 
Kraus’s clinic at Berlin, which showed that a diabetic patient 


1Murlin, Edelmann, and Kramer: “Journal of Biological Chemistry,” 
EOES Lae XViy 79: ; : ‘ Sear ae 

2 Pettenkofer and Voit: ‘Zeitschrift fiir Biologie,’ 1867, iii, 380. 

3 DuBois and Veeder: ‘Archives of Internal Medicine,” 1910, v, 37. 
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produced 5 per cent. more heat than a normal man of the same 
size, the food intake and the amount of muscular activity being 
the same in both. 

Rubner! found the metabolism of a fasting dog was the 
equivalent of 477.8 calories per day, which rose to 510.4 
calories after the administration of phlorhizin, an increase of 
7 per cent. This increase Rubner rightly attributed to the 
specific dynamic action of the increased protein metabolism. 
Lusk? has reported an increase in the heat production of 70 
per cent. after administering phlorhizin to a dog. 

The same influences are active in the depancreatized dog, 
the heat production being increased 42 per cent., according to 
Falta, Grote and Staehelin, and Murlin and Kramer.’ 

In the phlorhizinized man of Stanley Benedict (see p. 455) 
the protein metabolism did not increase as happens in other 
species, and it is therefore open to question whether there was 
any increase in his total energy production. 

The question of the total energy production in the human 
diabetic has been extensively studied by Benedict and Joslin‘ 
and by Allen and DuBois.’ Whatever of criticism may be 
found in the following lines, it is to be borne in mind that there 
is no question of the absolute accuracy of all of this work; the 
criticism only regards the interpretation. Pfliiger has truly 
stated that criticism is the mainspring of every advance and 
the Altmeister added, ‘‘deshalb iibe ich es.” 

Lusk® criticized the first publication of Benedict and 
Joslin and computed that the average increase in metabolism 
was not 15 per cent. above the normal, as was stated, but did 
not exceed 5 per cent. The second publication of Benedict 
and Joslin maintained that there was an increase of between 


'Rubner: “Gesetze des Energieverbrauchs,” 1902, p. 370. 

* Lusk: “Journal of Biological Chemistry,” 1915, xx, 598. 

* Falta, Grote, and Staehelin: ‘‘Hofmeister’s Beitriige,’’ 1907, x, 199. 
Murlin and Kramer: ‘Journal of Biological Chemistry,” 1913, xv, 380. 

“Benedict, F. G., and Joslin: “Metabolism in Diabetes Mellitus,” 1910; 
“Metabolism in Severe Diabetes,” 1912. 

5 Allen and DuBois: ‘Archives of Internal Medicine,” 1916, xvii, 1010. 

®Lusk: “Science,” 1911, xxxili, 434. 
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15 and 20 per cent. in patients suffering from diabetes, and 
attributed the increase to acidosis. 

The establishment of an accurate method of determining 
the basal metabolism of normal men through the labors of 
DuBois has given a method of interpretation of metabolism 
results which has not heretofore been available. If the height- 
weight chart of DuBois be used to obtain the surface area and 
be applied to the diabetic cases and normal controls of Bene- 
dict and Joslin (“Severe Diabetes,” Table 132), the following 
calculations may be made:! 


PER CENT 
Average variation from normal of 20 controls.......... —8.6 
Average variation from normal of 19 diabetics......... +2.0 


The increase in metabolism is, therefore, 2 per cent. 
above the true normal, but 11 per cent. above the normal 
controls selected by Benedict and Joslin. This selection 
may have been justified, for in order to choose individuals who 
were like the diabetic patients, emaciated controls were in- 
dicated and such show a subnormal basal metabolism. Allen 
and DuBois have pointed out that herein lies-the fundamental 
cause of the divergency in viewpoint. These authors have 
published a summary of the carefully investigated cases of 
diabetes mellitus, 26 in all. They found that the basal metab- 
olisms of one-half of these were within the normal range of 
+10 per cent.; 9 cases showed increases of 11 to 23 per cent. 
above the normal basal. Of these cases which manifested a 
higher metabolism, 3 had severe, 2 marked, 1 moderate, and 
3 little or no acidosis. The patient who showed the greatest 
rise in metabolism had very slight acidosis. Four patients 
showed metabolisms of between 14 and 1g per cent. below 
the normal. Of the 17 patients whose basal metabolisms 
were normal or below the normal, 8 manifested very severe 
acidosis. The conclusion follows that acidosis cannot be 
the immediate cause of the increased metabolism when this 
is found in diabetes. 


1 Allen and DuBois: Loc. cit. 
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In their analysis Allen and DuBois considered for the 
first time the factor of emaciation. They call attention to 
Magnus-Levy’s! description of a neurasthenic youth who had 
partially starved himself for a year or more. On entrance to 
the hospital he was ‘skin and bones.” During the first 
experimental period he was given his former dietary containing 
700 to 800 calories daily and was then given abundant food. 


Waraeny | Cavonres) EE areca ae 
Date. In Ke. Hou So. M. | AVERAGE NoRMAL REMARKS. 
R. |per Hour. OF 39.7- 
Nov. 16 to 21...} 36.2 34.8 26.6 —33% Low diet. 
Nov. 23 to Dec. 9] 38.0 44.9 33-0 —17% Liberal diet. 
Mar. 13 to May 8) 52.2 61.9 40.5 + 2% Liberal diet. 


These valuable data indicate that if a man whose metab- 
olism is normal has been reduced in weight by 30 per cent., 
his metabolism when he is fed with a low dietary may be 
reduced 44 per cent. below the actual normal level, or 33 per 
cent. below, as measured by the normal per square meter of 
surface. If a liberal diet be given at this juncture, the total 
heat production is 26 per cent. below the actual normal, or 
17 per cent. below if recorded on the basis of surface area. 
This leads to the query whether basal metabolism of the 
emaciated diabetic is not really below that of a normal man. 

Among the cases cited by Allen and DuBois there are 6 
who show an emaciation of over 20 per cent., as follows: 


Urinary N per Day, Per Cent. Loss From | Per CENT. VARIATION 


CASE. Caares gs atl as! FROM ae Regen ee 
hee iE Bete cose 14 30 +14* 
f er atch ac Q-12 28 ° 
Vivaah: oer 7-— 9.5 26 +15 
COR ieee 20 27 + 3 
G: Skee 11-15 31 — 5 
WGA teagees 14-20 . 42 —15 
Average... ilo), 9cis.0 see ie eerie + 3 


* Nervous individual. 
1 Magnus-Levy: “Zeitschrift fiir klin. Med.,” 1906, lx, 177. 
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It is evident that if the metabolism of a normal man, who 
through emaciation has lost 30 per cent. of his body weight, 
is 33 per cent. (or when well nourished 17 per cent.) below the 
normal level of metabolism, then the emaciated diabetic has in 
reality a higher heat production than he would have had if he 
had been free from diabetes. This is emphatically shown in 
the case of C. K., soon to be more fully described. This in- 
dividual, who had diabetes in a severe form, subsequently 
became entirely free from sugar and manifested a high degree 
of tolerance for carbohydrate. The metabolism of the 
different periods may thus be summarized: 


Ww U Per CENT. 
SE aaa Per Cent. Loss Me bey 
ConpDITION. R. Q. | FRoM GREATEST Gartgna pa 
; < Bopy WEIGHT. Souare METER 
Ke. (are | OF SURFACE. 
C. K.: Severe diabetes....| 56.7 | 36.4 | 0.687 27 +15 
Severe diabetes....| 56.5 20.0 | 0.707 2G) + 3 
Recovery; rs... al Age | ,OLO2 43 — 36 


It is evident that in this emaciated individual the metab- 
olism would have been lower in the first instance had he not 
been diabetic. The high protein metabolism would sufficiently 
account for the increased total heat production in this patient, 
although in some other instances of increased metabolism in 
diabetes this factor does not apparently always suffice to 
explain the increase. The frequent presence of lipemia 
(see p. 252) may explain in part the increased metabolism. 
The onset of diabetes in this case was very rapid. Nowhere 
in the literature is the protein metabolism in diabetes men- 
tioned as being so high, and in no other case are the results of 
metabolism experiments so nearly akin to those obtained in 
experimental animals. 

A preliminary report of the patient C. K. of Geyelin and 
DuBois! gives details of his metabolism in a table which is 
reproduced on page 478. 


1Geyelin and DuBois: “Journal of the American Medical Association,” 
1916, lxvi, 1532. 
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On the fifth day of a preliminary fast the D : N ratio of 
this man was 2.95. Then for four days he was given a mixed 
diet, moderate in quantity. After this followed a diet con- 
taining about 100 grams of protein and the D : N rose to 3.97, 
4.01, and 3.87 on three successive days. On the first of these 
days there was distinct drowsiness; there were 36.4 grams of 
nitrogen in the urine after an intake of 19 grams in the food; 
71 grams of -8-oxybutyric acid were eliminated in the urine 
or about the quantity which could have arisen from the oxi- 
dation of fat during the period; the carbonic acid tension in 
the blood was one-half the normal, and the respiratory quotient 
was 0.687. The metabolism presented the picture of com- 
plete diabetes (see p. 469). Several who saw the patient 
pronounced the outlook hopeless. Joslin, who happened to 
be in New York at the time, gave a favorable prognosis. 
This prognosis was correct. A period of fasting interrupted 
by days of very low diets resulted in the complete disappear- 
ance of glucose and of high nitrogen elimination in the urine 
within ten days, and on the eleventh day only o.2 gram of 
B-oxybutyric acid was eliminated. 

Joslin has for a long time privately informed the writer 
that he would not place a patient upon a diet consisting of 
protein and fat alone on account of the deleterious effects which 
might be produced, and he has stated in personal conversation 
that fatal results might ensue if the diet were long continued. 
The experiment on C. K. as well as one unpublished experi- 
ment not here described show most clearly that Joslin is cor-. 
rect as regards the evil effect of even a moderately high 
protein intake upon the diabetic patient. 

The case of C. K. exemplifies the method of modern 
treatment of diabetes known as the “Allen method.” Wein- 
traud,' in the clinic of Naunyn, was the first to recommend the 
interpolation of occasional fasting days for the benefit of the 
diabetic patient, and Naunyn? practised the reduction of the 


1Weintraud: ‘“Centralblatt fiir klinische Medizin,” 1893, xiv, 737. 
2Naunyn: “Zeitschrift fiir airztliche Fortbildung,” 1908, v, 737. 
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body weight of the patient, both by interposing single fasting 
days and by giving 600 grams of green vegetables which con- 
tain little nourishment. Allen, however, on the basis of 
many fasting experiments with depancreatized dogs,! ob- 
tained information which he was subsequently able to apply to 
many diabetic patients? in the Rockefeller Hospital. It is 
certain that he was the first to introduce a rigorous régime of 
fasting until the diabetic patient becomes free from urinary 
glucose and from acidosis. Frequently whisky was admin- 
istered as the only nourishment. Benedict and Térék* were 
able to reduce the aceton excretion, as well as that of nitrogen 
and glucose, after administering alcohol to a diabetic. The 
experiments of Otto Neubauer’ showed that red wine reduced 
the sugar output and the acidosis in diabetes, and Allen and Du- 
Bois find indications that the administration of whisky favors 
the oxidation of glucose in the diabetic. Joslin’ and Allen and 
DuBois report that during the clearing up of the diabetes in a 
fasting patient respiratory quotients are found which are 
higher than could possibly be obtained from the oxidation of 
body protein and fat alone. This may possibly be due to the 
oxidation of the accumulated aceton bodies, the respiratory 
quotient of 6-oxybutyric acid being 0.89, an explanation 
given by Joslin, who has found respiratory quotients in fasting 
diabetics as high as 0.8. 

Although the great. majority of diabetic patients are 
cured by the fasting treatment, so that they may live on a 
carefully regulated diet without showing glycosuria, still 
there are some cases that do not yield to such treatment. 
Joslin® has reported concerning 14 such patients who were 
diabetics of long standing, or very severe or complicated 
cases. 

1 Allen: ‘‘Glycosuria and Diabetes,” Boston, 1913. 

? Allen: “Journal of the Amer. Med. Assoc.,’’ 1914, Ixiii, 939; Ibid., 1916, 
me Benedict and Torék: ‘‘Zeitschrift fiir klinische Medizin,”’ 1906, lx, 320. 
4 Neubauer, O.: “Miinchener med. Wochenschrift,” 1906, liii, 701. 


3 Joslin: “American Journal of the Medical Sciences,” rors, cl, 485. 
8 Joslin: ‘Boston Medical and Surgical Journal,” 1916, xlxxiv, 371 and 425. 
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One of the most interesting researches upon diabetes ever 
accomplished is that of H. O. Mosenthal in Janeway’s Balti- 
more clinic. At this writing the results have not been pub- 
lished, but are presented here by special permission. 

The following table shows the results obtained from a 
fasting diabetic with a D : N ratio closely approximating that 
found in the phlorhizinized dog, and resembling a phlorhizin- 
ized man (see p. 455) both as regards the D :N ratio and in 
the quantities of ammonia and B-oxybutyric acid eliminated. 


DIABETIC PATIENT PRACTICALLY FASTING 


(One egg and green vegetables containing 2 to 6 grams carbohydrate per day 
during last five days. Wh. = whisky; Wi. = wine. Bicarbonate of soda also 
administered. The D : N is calculated after subtracting ingested carbohydrate.) 


7 ALVEOLAR 
D. N - < B-OxyBu- ALCOHOLIC 
acs? GLucosE. oma D:N. Poe ew NH:—N. meas BEVERAGE. 
Grams. | Grams. Grams. Grams. Mm. GC; 
te LAR oll aoe 10.2 3.64 64.9 4.3 
State) cals 40.3 10.8 ae 66.0 4.5 
Svat ere 36.3 9.8 3.46 50.6 4.2 19.5 
Fivgtaesia||ye 3136 9.0 2.89 64.9 3-9 40 Wh. 
CB AOL Siotes 9.6 3.44 78.0 4.4 24 Wh. 
Os cul here. 10.5 3-28 LIt.2 4.4 8 Wh.* 
TOR es: 34.7 8.9 3.58 106.6 4.0 490 Wi. 
II......] 35-7 8.7 3.68 73.0 .2 24.6 |345 Wi. 
12 
E30...) Death: 


* And 360 c.c. wine. 


At the beginning of the investigation the blood sugar of 
the diabetic was 0.33 per cent., but fell on the eighth and ninth 
days to 0.25 and 0.24 per cent. 

The advent of the Allen fasting treatment seemed at first 
likely to make it possible to dispense with laboratory records 
concerning diabetic cases, but it is still necessary in ro per 
cent. and perhaps more of the cases to follow the sugar output, 
and the intensity of the acidosis for these do not invariably 
diminish. 

Joslin’s method? of applying the Allen treatment is here 
reproduced: 

2 Consult Joslin: ‘The Treatment of Diabetes Mellitus,” 1916, p. 243. 

31 


482 SCIENCE OF NUTRITION 


Joslin’s Summary of Treatment 


Fasting.—Fast until sugar free. Drink water freely and 
tea, coffee, and clear meat broth as desired. In very severe, 
long-standing and complicated cases, without otherwise changing 
habits or diet, omit fat, after two days omit protein, and halve 
carbohydrate daily to 10 grams, then fast. 

Carbohydrate Tolerance.—When the twenty-four-hour urine 
is sugar free, add 150 grams of vegetables containing 5 per 
cent. of carbohydrate and continue to add 5 grams carbohy- 
drates daily up to 20, and then 5 grams every other day, 
passing successively upward through vegetables containing 5, 
10, and 15 per cent. of carbodydrate, fruits containing 5 and 
ro per cent. of carbohydrate, potato and oatmeal to bread, 
unless sugar appears or the tolerance reaches 3 grams carbo- 
hydrate per kilogram body weight. 

Protein Tolerance.—When the urine has been sugar free 
for two days, add 20 grams protein (3 eggs) and thereafter 
15 grams protein daily in the form of meat until the patient is 
receiving 1 gram protein per kilogram body weight, or if the 
carbohydrate tolerance is zero, only $ gram per kilogram body 
weight. 

Fat Tolerance.—While testing the protein tolerance, a 
small quantity of fat is included in the eggs and meat given. 
Add no more fat until the protein reaches 1 gram per kilogram 
(unless the protein tolerance is below this figure), but then 
add 25 grams daily until the patient ceases to lose weight or 
receives not over 4o calories per kilogram body weight. 

Reappearance of Sugar.—The return of sugar demands 
fasting for twenty-four hours or until sugar free. The diet is 
then increased twice as rapidly as before, but the carbohydrate 
should exceed half the former tolerance until the urine has 
been sugar free for two weeks, and it should not then be in- 
creased more than 5 grams per week. 

Weekly Fast Days.—Whenever the tolerance is less than 20 
grams carbohydrate, fasting should be practised one day in 
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seven; when the tolerance is between 20 and 50 grams carbo- 
hydrate upon the weekly fast day, vegetables containing 5 per 
cent. carbohydrate and one-half the usual quantity of protein 
and fat are allowed; when the tolerance is between 50 and 100 
grams carbohydrate the 10 and 15 per cent. vegetables are 
added as well. If the tolerance is more than 100 grams car- 
bohydrate, upon weekly fast days the carbohydrate should be 
halved. 

Joslin! writes, “The advantages of the new treatment are 
many. It has made attainable the ideals of treatment, 


. namely, a sugar-free and acid-free urine. The standards of 


the success of treatment are so simple that they are within the 
reach of the patient. At one stroke the patient is delivered 
from medicines, patent or otherwise, sham kinds of treatment, 
gluten breads, and in ninety-nine cases out of a hundred, of 
alkalies.” With his increased knowledge Joslin? does not 
hesitate to carry pregnancy in the diabetic to term. 

Joslin found that the ingestion of fructose by a diabetic 
did not increase the respiratory quotient (see p. 296). 

Von Noorden’s oatmeal cure has occupied a prominent 
place in diabetic‘therapy. Blum* denied its specific efficacy 
and attributed the results to the low protein dietary. Rolly,‘ 
on the basis of respiratory experiments, concluded that there 
was no difference in the value of the various forms of starch 
ingested by the diabetic, and Joslin® showed the failure of 
either oatmeal or potato starch to raise the respiratory 
quotient in severe diabetes. Allen believes that the sig- 
nificance of the oatmeal tredtment lies in the fact that it is 
usually administered after interpolation of days of green 
vegetable diets, which constitute virtual starvation, while 
Joslin states that in the salt content of the oatmeal lies its 
only benefit. Baumgarten and Grund® have separated the 


1 Joslin: ‘American Journal of the Medical Sciences,” 1915, cl, 480. 

2 Joslin: “Boston Medical and Surgical Journal,” 1915, clxxiii, 841. 

3’ Blum: “Miinchener med. Wochenschrift,”” 1g1T, lvili, 1433. 

4 Rolly: “Deutsches Archiv fiir klin. Med.,’ 1912, CV, 404. 

5 Joslin: “Archives of Internal Medicine,” 1915, xvi, 693. 

6 Baumgarten and Grund: “Deutsches Archiv fir klin. Med.,’ TOT I1OLT, Civ; 108, 
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starch and other constituents of oatmeal and have administered 
them separately to diabetics without improving their condi- 
tion. 

The elimination of B-oxybutyric acid from the system is 
furthered by the administration of alkalies. Stéubli reports a 
diabetic who eliminated 34 grams of $-oxybutyric acid daily 
when the diet contained 60 grams of sodium bicarbonate. 
This excretion fell to 17 grams on a diet which was free from 
alkali, and then rose to 45.2 grams on return to 60 grams of 
bicarbonate. Such treatment with alkali is sometimes highly 
beneficial, for, as Magnus-Levy observes, the diabetic does 
not die in coma because of the neutralized acid which is elimi- 
nated in the urine, but rather on account of that which is 
retained in the body which neutralizes the alkalies of tissue and 
of body fluids. 

Von Noorden! reports cases of diabetics who have ex- 
creted 5 to 6 grams of aceton and 30 to 4o grams of B-oxy- 
butyric acid in a day, and yet have lived comfortably for 
years. a 
Alkali therapy has long been considered important in 
the treatment of diabetes. Bicarbonate of soda up to 200 
grams daily has been given. Weiland? cites a case in which 
green vegetables, 200 grams of meat, and 120 grams of sodium 
bicarbonate were given daily, under which circumstances the 
urine contained the following ingredients: 


Day. 


aaa 8 2 oe Dat ae, aha Se Vig Oc 
I 2 3 4 


Aceton ys itn ontisc ore , 11.8 15.1 13.1 
ethan he = ACiGseeme 68.4 105.9 90.7 


Glucose. . Pete 132.0 197.0 80.6 
Nitrogen... spies oe eee : I5.0 25.0 15.2 
Ammonia jae seeee eee : Det 2.9 1.9 


It is evident that, despite the high acidosis, the ammonia 
is kept at a low level on account of the large amount of alkali 
administered. 

1von Noorden: von Leyden’s “Handbuch der Ernahrungstherapie,”’ 1904, 


il, 253. 
’ “? Weiland: “Zeitschrift fiir ex. Path. und Ther.,” 1912-13, xii, 116. 
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Murlin'! has obtained results which indicate that if de- 
pancreatized dogs be given alkali they are able to oxidize some 
glucose. This accords with the idea that diabetes is the 
result of acidosis (see p. 261). Whether alkali therapy, if 
applied still more rigorously than heretofore practised, will 
enable the diabetic patient to oxidize glucose is a question 
raised by these experiments.” 

Nothing except dieting affords permanent relief in dia- 
betes. Opium is said to reduce the sugar output in cases 
bordering on the severe type.’ The cause of this action is 
unknown. Experiments inaugurated upon an _ individual 
having the 3.65 : 1 ratio might indicate whether its effect was 
really to increase the combustion of sugar or only to reduce the 
general metabolism. The ingestion of extracts of different 
organs does not apparently influence the sugar excretion. 
Laboratory investigations of the glycolytic power of pancreas 
extracts have been very numerous, but have failed to give 
striking results. It is possible that the supposed enzyme or 
activating substance is extremely sensitive to a change in 
normal conditions. Mandel and Lusk gave large quantities 
of yeast to a diabetic man without changing the D : N : : 3.65 : 
1, which shows that the enzymes of yeast are not able to 
penetrate the intestinal wall so that they may replace the 
natural ferment of the organism. 

Raulston and Woodyatt* made an intravenous trans- 
fusion of blood from a normal man into a diabetic individual, 
with aggravation of all the symptoms in the latter. 

Minkowski> discovered that fructose largely reduced 
protein metabolism in the case of depancreatized dogs. This 
led to the wide-spread use of fructose in diabetes. Mandel 
and Lusk, however, found that the increase of sugar in the 
urine of their diabetic man, after giving 100 grams of fructose, 

1 Murlin and B. Kramer: “Journal of Biological Chemistry ” 1916, xxvii, 517. 

?Murlin: Jbid., 1916-17, xxviii, 289. 


3 von Noorden: “Diabetes,” 1905, p. 158. r 
4 Raulston and Woodyatt: ‘Journal of the Amer. Med. Assoc.,” 1914, lxii, 


'’ Minkowski: Loc. cit., Pp. 131. 
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was 80 per cent. of the sugar ingested. The fructose had no 
effect whatever on protein metabolism. 

Von Noorden' confirms this observation. He believes 
that fructose is normally produced in metabolism and is 
normally burned. In very rare cases, called leviulosuria, 
fructose alone appears in the urine. One case of complete 
intolerance for fructose has been reported.? 

The negative results as regards the value of fructose were 
especially interesting in the case of Mandel and Lusk. This 
diabetic medical student was confident of the efficacy of fruc- 
tose on account of opinions expressed by the writer in his lec- 
tures. On the days of fructose ingestion the patient’s spirits 
revived, his strength, measured on the ergograph, decidedly 
improved, and his companions remarked upon the benefit re- 
ceived, all of which shows that subjective sensations are not 
to be used as scientific criteria. Staubli* states that adminis- 
tration of fructose reduces the diabetic’s tolerance for glucose. 

In this connection it may be mentioned that d-glucuronic 
acid and pentoses have a bearing on carbohydrate metabolism. 
A large variety of substances (camphor, chloral, turpentine) 
form syntheses with glucuronic acid in the organism, and 
corresponding glucuronates are then eliminated in the urine. 
At first glance glucuronic acid appears to be the preliminary 
oxidation product of glucose, as is suggested by the following 
equation: 

OCH(CHOH),CH;0OH + O, = OHC(CHOH),COOH + H.O 

Glucose. Glucuronic acid. 

However, Mandel and Jackson‘ administered camphor to 
fasting dogs for several days and noted the excretion of glucu- 
ronic acid. On giving large quantities of glucose the protein 
metabolism fell and with it the glucuronic acid elimination; 
and on giving the animal chopped meat the quantity of 

yon Noorden: Loc. cit., p. 50. 

2 Neubauer: ‘Miinchener med. Wochenschrift,” 1905, lii, 1525. 

3 Staubli: ‘Deutsches Archiv fiir klin. Med.,”’ 1908, xciii, 125. 


4 Mandel and Jackson: “American Journal of Physiology,” 1902, viii. 
Proceedings of the American Physiological Society, p. xiii. 
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campho-glucuronic acid in the urine was correspondingly 
increased. It may be safely inferred that glucuronic acid is 
produced solely in the intermediary metabolism of protein. 
For the large literature on this subject, and also on the 
pentoses, the reader is referred to other sources.! 

Pentoses, which are sugars containing 5 atoms of carbon, 
have been detected in animal and vegetable tissue. Hammar- 
sten found a pentose in the nucleoprotein of the pancreas. 
Neuberg showed that this pentose and the one obtained from 
nucleoprotein in the liver is /-xylose.2, Grund? has found pen- 
toses in all organs of the body, particularly in those rich in 
nuclear material. 

Salkowski and Neuberg have shown that /-xylose may be 
derived through ferment action on d-glucuronic acid. Salkow- 
ski was the first to detect a pentose in the urine, and this 
Neuberg has shown to be i-arabinose. The elimination of 
pentoses in the urine may accompany diabetes, but in ex- 
tremely rare cases a simple pentosuria occurs in which pentose 
is the only sugar appearing in the urine. 

Luzzatto‘ reports such a case in which the elimination of 
arabinose was independent of diet or mental or muscular 
effort. Luzzatto believes the pentose in this case to have been 
l-arabinose. Neuberg finds that in the normal rabbit J/-ara- 
binose is more readily burned than d-arabinose. Luzzatto’s 
case could be explained by supposing that the body had lost 
its normal power to burn /-arabinose as normally produced in 
metabolism. 

Levene and La Forge® suggest the probable presence of 
d-ribose in the urine of one individual with pentosuria. 

Pentosuria is occasionally discovered in the routine of life 
insurance examinations. So far as is known it does not indi- 
cate danger to general health. 


1 Neuberg: “Ergebnisse der Physiologie,” 1904, iii, 1 Abtheilung, Pp. 373- 

2 See also Zerner and Waltuch: ‘‘Biochemische Zeitschrift,” 1913, lviil, 410; 
Levene and La Forge, “Journal of Biological Chemistry,” 1914, xvili, 319. 

3 Grund: ‘Zeitschrift fiir physiologische aster ” 1902, XXXV, III. 

4Luzzatto: ‘Hofmeister’s Beitriige,” 1905, vi 

5 Levene and La Forge: ‘Journal of Biological AR: 1913, XV, 483. 
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Cremer,! in a series of excellent experiments, has shown 
that a vegetable pentose, such as rhamnose, may be burned in 
a rabbit and spare an isodynamic equivalent of fat. In one 
rabbit, on a fasting day, the metabolism amounted to 129.1 
calories (protein, 22.5, and fat, 106.6), and on the day when 
rhamnose was given to 128.4 calories (protein, 21.36; fat, 32.9, 
and rhamnose, 74.11). 

Lindemann and May? found that 90 grams of rhamnose 
could be used by a normal man. When, however, rhamnose 
was given to a diabetic individual whose urine had been sugar 
free, sugar appeared in the urine. In cases of severe diabetes 
reported by von Jaksch* it was found that rhamnose, arabi- 
nose, and xylose tended to increase the protein metabolism, 
and hence the sugar output, and also brought about diarrhea. 
The use of pentoses in diabetes has, therefore, not been success- 
ful. The pentoses—rhamnose, arabinose, and xylose—are not 
convertible into glucose in the organism.4 

Opie® was the first to establish a connection between 
changes in the islands of Langerhans of the pancreas and the 
cause of diabetes. Janeway and Oertel,® von Noorden, and 
others, have reported autopsies on cases of severe diabetes in 
which the pancreas appeared perfectly: normal. It is not 
always possible to observe with the microscope the cause of 
pathologic change in function. 

Allen’ found degeneration of the islands, which was 
accompanied by diabetes, after the removal of nine-tenths of 
the pancreatic tissue in the dog, and Homans’ reports that the 
removal of three-fourths of the pancreatic tissue in the cat 
produces one of two results, either a disappearance of secretory 
granules in the islands of Langerhans with suggestive evidence 


1Cremer: “Zeitschrift fiir Biologie,” 1oor1, xlii, 428. 

? Lindemann and May: “Deutsches Archiv fiir klin. Med.,”’ 1896, lvi, 283. 
3 von Jaksch: Ibid., 1890, Ixiii, 612. 

‘Brasch: ‘Zeitschrift fiir Biologie,’ 1908, 1, 113. 

5 Opie: ‘Journal of Experimental Medicine,” 1901, v, 3097. 

6 Janeway and Oertel: ‘‘Virchow’s Archiv,” 1903, clxxi, 547. 

7 Allen: ‘“Glycosuria and Diabetes,’’ Boston, 1913. 

8 Homans: “Journal of Medical Research,” 1914, xxx, 49. 
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of overactivity and without diabetes; or, occasionally, a 
degeneration of the islands of Langerhans without disturbance 
of the remaining acinous tissue, but accompanied by fatal 
diabetes. 

On autopsy in diabetes large quantities of fat are frequently 
found in the liver and muscles. The same is observed in 
chloroform narcosis when sugar appears in the urine, in anemia, 
and after respiration of rarefied air, where lactic acid is elimi- 
nated in the urine (p. 423), and in phosphorus- and arsenic- 
poisoning, in acute yellow atrophy, in pernicious vomiting of 
pregnancy, in eclampsia and in cyclic vomiting in children, 
which are similarly accompanied by an elimination of lactic 
acid. These phenomena are always associated with an in- 
creased protein metabolism and an increased ammonia and 
amino-acid output in the urine.!_ Fat likewise appears in the 
mammary glands during lactation (see p. 396). 

Virchow assumed a fatty degeneration of protein in which 
the tissue protein was converted into fat, as distinguished from 
a fatty infiltration in which body fat passed into the cells. 
Much of the earlier writing of Voit is pervaded with the theory 
of a considerable origin of fat from protein (p. 228). The idea 
of a fatty degeneration of protein in the old sense has been 
largely overturned by the work of Rosenfeld.? He finds that 
if a dog be starved and then given sheep’s fat, and again 
starved, the ingested fat will be found deposited as sheep’s fat 
in his adipose tissue, while the liver will contain about to per 
cent. of fat, and this characteristic dog fat. If now phospho- 
rus- or phlorhizin-poisoning be induced and the liver be ex- 
amined, 40 per cent. of fat may be found therein, and this in 
the form of sheep’s fat. Hence, in these cases the fat is simply 
transported to the liver from the fat deposits of the body. 
The fat in the blood is largely increased. The fat becomes 
normal in quantity in the liver twenty-four hours after the 


1 For literature consult Ewing: ‘Archives of Internal Medicine,” 1908, 
li, 476. 
” "? Rosenfeld: “Ergebnisse der Physiologie,” 1903, ii, I, p. 50. 
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cessation of the phlorhizin action. It is retransported to the 
places of fat deposit. 

B. Fischer! reports a case of coma diabeticum in which the 
blood-serum contained 23 per cent. of fat. Klemperer and 
Umber’ state that of g diabetics with acidosis 7 had lipemia. 
Adler* and Imbrie* report cases in which the blood-serum con- 
tained respectively 29 and 14 per cent. of fat plus cholesterol; 
of the latter there were 3.1 and 1.5 per cent. in the serum in the 
2cases. Lecithin was absent, and Imbrie found that the fatty 
acids entering into the composition of the blood fat had an 
iodin number.similar to that of the fatty acids entering into 
the composition of subcutaneous fat. “Hence, the lipemia was 
due to the mobilization of tissue fat. 

A supposed production of fat from protein has long been 
believed to occur in the ripening of cheese. However, Kondo® 


finds that in the process of ripening cheddar cheese g per cent. ° 


of the fat content disappears after thirty days and 12 per cent. 
after forty days. 

If a fatty “degeneration” were to be found anywhere, it 
would certainly be looked for in the dying cells of the liver in 
phosphorus-poisoning, or in the analogous condition of acute 


yellow atrophy of the liver. But another explanation avails. ‘ 


Mandel and Lusk* have shown that lactic acid disappears 
from the blood and urine of a phosphorized dog if phlorhizin 
glycosuria be induced. The writer believes that the lactic acid 
which occurs is derived from the sugar formed in protein 
metabolism. In the above case the sugar is removed without 
conversion into lactic acid.. In phlorhizin diabetes, glucose 
does not burn; in phosphorus-poisoning lactic acid derived 
from glucose does not burn. In both cases a sugar-hungry 
cell, or one where carbohydrate is not oxidized, is found, and 
under these circumstances fat is attracted to the cell, and in 


' Fischer, B.: ‘“Virchow’s Archiv,” 1903, clxxii, 30 and 218. 

2 Klemperer and Umber: “Zeitschrift fiir klinische Medicin,”’ 1908, lxv, 340. 
3 Adler: “Berliner klin. Wochenschrift,”’ 1900, xlvi, 1453. 

4Imbrie: “Journal of Biological Chemistry,” 1915, xx, 87. 

5 Kondo: ‘Biochemische Zeitschrift,” 1913-14, lix, 113. 

6 Mandel and Lusk: ‘American Journal of Physiology,” 1906, xvi, 129. 
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larger quantities than can be useful. Wherever sugar freely 
burns, this fatty infiltration is impossible (p. 249). A reduced 
local circulation in a portion of the heart may produce anemia 
of the part, an imperfect local oxidation of lactic acid normally 
formed, and a fatty infiltration of the locality. The writer 
offers this hypothesis as his explanation of fatty changes in 
tissue in general. 

A corroborating fact found by Shibata! is that, although 
the amount of fat in the liver is increased in phosphorus-poison- 
ing, the quantity of total fat in the organism is much reduced 
during the progress of this disease. In cases of -fatty infiltra- 
tion (so-called degeneration) Czyhlarz and Fuchs? could find 
no evidence of an abnormally changed relationship between 
the quantities of cholesterol and fat present in the diseased 
tissue. 

Medical literature was formerly greatly influenced by the 
idea of a reduced general oxidation in the body. Except in 
the case of myxedema which is accompanied by a fall in body 
temperature, and in some cases of obesity, no such condition 
occurs. The writer*® has shown that in phosphorus-poisoning, 
the classical example of supposed reduced oxidation, there was 
actually no reduction in the total heat production, but rather 
an increase. From the fourth day to the sixth of simple fast- 
ing in one dog the total metabolism for twenty-four hours 
averaged 45.2 calories per kilogram, and on the ninth day to 
the eleventh of fasting which preceded death from phosphorus- 
poisoning the heat production was 48.8 calories. These results 
have been confirmed by Hirz.* 

It is therefore evident that the presence of lactic acid is 
only a symptom in the group of diseases just mentioned (p. 
489), and is no more an indication of a reduction in oxidative 
power as represented by the total heat production than is the 
elimination of sugar in diabetes. The abundant ammonia in 

1Shibata: ‘“Biochemische Zeitschrift,” 1911, xxxvii, 345. 
2 Czyhlarz and Fuchs: Jbid., 1914, Ixii, 131. 


?Lusk: “American Journal of Physiology,” 1907, xix, 46r. 
4Hirz: “Zeitschrift fiir Biologie,” 1913, lx, 187. 
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the urine is used to neutralize the acid produced. The reduc- 
tion in the amount of lactic acid oxidized raises the total pro- 
tein metabolism. The deficient deamination which results in 
the elimination of amino-acids in the urine may possibly be 
due to the injury of deaminating enzymes by the presence of 
lactic acid. 

It has been stated that the action of phosphorus is to induce 
autolysis (self-digestion) of the body’s protoplasm (Jacoby,} 
Waldvogel’), since leucin, tyrosin, glycocoll,? phenyl-alanin and 
arginin,‘ and other amino-acids may be eliminated in consider- 
able quantity in the urine. Wakeman? finds a change in the 
relative amounts of histidin, arginin, and lysin contained in the 
liver substance after phosphorus-poisoning, arginin in particu- 
lar being reduced below the quantity found in the liver of the 
normal dog. Oswald® thinks that phosphorus destroys or 
weakens the anti-autolytic agents of the body. That autolytic 
enzymes do not gain free control over the cells through the di- 
rect influence of phosphorus is proved by the work of Ray, 
McDermott, and Lusk.” These authors found that phosphorus 
injections raised the protein metabolism of fasting dogs to 250, 
260, 283, 248, 183, and 164 per cent. of that of the dog when 
normal. They contrasted this increased protein metabolism 
with that obtained in phlorhizin glycosuria, which is repre- 
sented by increases to 540, 450, 340, and 340 per cent. When, 
however, they gave phlorhizin and obtained the increased 
metabolism, and then injected phosphorus, this was not followed 
by any marked increase in protein metabolism. Under these cir- 
cumstances phlorhizin glycosuria is the predominating factor, 
removing the glucose produced from protein before it could be 
converted into lactic acid. 


1 Jacoby: ‘Zeitschrift fiir Physiologische Chemie,” 1900, XXX, 174. 

2 Waldvogel: “Deutsches Archiv fiir klinische Medizin,” 1905, Ixxxii, 437. 

3 Abderhalden and Bergell: ‘Zeitschrift fiir physiologische Chemie,” 1903, 
XXxxix, 464. 

4Wolgemuth: Jbid., 1905, xliv, 74. 

5 Wakeman: Ibid., 1905, xliv, 335. 

6 Oswald: “Biochemisches Centralblatt, ” 1905, ili, 365 
... ‘Ray, McDermott, and Lusk: “American Journal of Physiology,” 1899, 
iii, 139. 
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Analogous to this is the observation of Sass,! who found 
that under normal conditions strychnin convulsions reduced 
the titratible alkalinity of the blood on account of the forma- 
tion of lactic acid, but in depancreatinized dogs this result 
could not be achieved because lactic acid could not be pro- 
duced from glucose. 

As regards phosphorus-poisoning Araki? believes that lactic 
acid accumulation is due to lack of oxygenation of the tissues 
caused by a slow heart-beat, but not due to anemia. He does 
not believe the oxygen deprivation to be very pronounced. 
The writer offers the explanation that phosphorus may affect 
the conditions which lead to the oxidation of the lactic acid 
derived from glucose (see p. 263), and the accumulation of 
this acid may prevent the action of some of the deaminating 
enzymes; and, further, its non-combustion may necessitate an 
increase of protein metabolism. 

This theory is strengthened by the discovery of Schryver? 
that the addition of lactic acid favors the accumulation of 
amino-acids in autolysis of the liver. 

Claude Bernard showed that glucose, whether derived from 
protein or starch, was convertible into glycogen, and this again 


_was changeable into glucose. Present knowledge adds lactic 


acid to both ends of this chain in showing the following pos- 
sible progression—lactic acid, glucose; glycogen, glucose, lactic 
acid (see p. 263). 

Quite pertinent to this theoretic discussion is the obser- 
vation of von Jaksch‘ on a patient who recovered from phos- 
phorus-poisoning, and in whom a desire for carbohydrates 
marked the beginning of convalescence. 

It should also be noted that more carbohydrates must be 
ingested in cases of hepatic disease to maintain nitrogen equi- 
librium than are required in health.’ 


'Sass: “Zeitschrift fiir ex. Path. und Ther.,” 1914, xv, 370. 

2 Araki: “Zeitschrift fiir physiologische Chemie,” 1893, xvil, 337- 

8 Schryver: “The Bio-Chemical Journal,” 1906, i, 153. 

4yon Jaksch: “Zeitschrift fiir physiologische Chemie,” 1903, xl, 123. 
5 Tallqvist: “Archiv fiir Hygiene,” 1908, lxv, 39. 
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A curious anomaly of carbohydrate metabolism has been 
discovered by Underhill' following the administration of hy- 
drazin, which he defines as a poison with an almost specific 
effect upon the cytoplasm of the parenchymatous cells of the 
liver. It attacks first the cells in the center of the lobules, 
while phosphorus shows its first effects upon the cells of the 
periphery. If 50 milligrams of hydrazin per kilogram of 
animal be given to dogs, the quantity of glucose in the blood 
and of glycogen in the liver is greatly reduced and the admin- 
istration of glucose may cause the death of the animal within 
twelve hours. Otherwise the dog recovers in five days. 
Underhill and Murlin? found that the administration of hy- 
drazin to fasting dogs increased the respiratory quotient. 
An increased oxidation of carbohydrate, therefore, probably 
explains the diminished blood-sugar content and the disap- 
pearance of glycogen from both liver and muscles. Hydrazin 
was without influence upon the level of the basal metabolism. 


* ! Underhill: “Journal of Biological Chemistry,” 1911-12, x, 159. 
2 Underhill and Murlin: Jbid., 1915, xxii, 499. 


CHAPTER XVII 


METABOLISM IN NEPHRITIS, IN CARDIAC DISEASE, 
AND IN OTHER CASES INVOLVING ACIDOSIS 


In 1821 Prevost and Dumas! observed that if the kidneys 
of a dog be extirpated, urea accumulates in the blood. This 
observation led to the discovery by Bright in 1836 that the 
amount of urea in the blood of nephritic patients was abnor- 
mally high. 

Using more accurate methods, Folin? finds that when a low 
protein dietary is taken the normal figures for total non-pro- 
tein nitrogen in the blood of a man are 22 to 28 milligrams per 
100 c.c. of blood, of which 11 to 14 milligrams are in the form 
of urea. The maximum amount of non-protein nitrogen in 
a normal person is not usually above 40 milligrams per 100 c.c.3 
Sometimes after protein ingestion in nephritis the non-protein 
nitrogen does not increase in the blood; in other cases there is 
a considerable rise. The increased level of urea in the blood 
is a compensatory reaction to a diminished power of excretion 
by the kidney.‘ 

Emphasis has been laid upon a negative nitrogen balance as 
indicating a retention of urea by the nephritic patient, but 
such a retention is susceptible of two interpretations. Thus, 
Mosenthal and Richards’ have given patients with moderately 
severe chronic interstitial nephritis diets containing between 
16 and 47 grams of nitrogen and have observed nitrogen reten- 


1 Prevost and Dumas: “Ann. de chemie et de phys.,” 1821, xxiii, go. 

2 Folin, Denis, and Seymour: “Archives of Internal Medicine,” 1914, xiii, 
224. 
3 For the complete chemical and physical analysis of blood in 30 normal 
cases consult the important work of Gettler and Baker: “Journal of Biological 
Chemistry,” 1916, xxv, 211. » 

4McLean: “Journa] of Experimental Medicine,” 1915, xxii, 366. 

5 Mosenthal and Richards: ‘Archives of Internal Medicine,” 1916, xvii, 329- 
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tion. Had this retention been in the form of non-protein 
nitrogen, the blood would have contained between 78 and 148 
milligrams of such nitrogen, but the actual values never rose 
above 38 milligrams. Davis and Foster,! however, find that 
nitrogen retention under these circumstances may take place in 
the liver and muscle in the form of non-protein nitrogen. The 
very ill patients were benefited by large water ingestion. 

Henderson and Palmer? describe cases of nephritis in which 
the volume of the urine is large, the titratable acidity high, 
but in which the total acid elimination is decreased because of 
a greatly reduced elimination of ammonia. They conclude 
that this points to a condition of acidosis of renal origin. As 
a matter of fact, Peabody* has discovered that the acidosis of 
nephritis is due to a retention of non-volatile acids which would 
ordinarily be removed by the kidney. 

Peabody, Aub, and DuBois, in experiments yet to be pub- 
lished, have made investigations concerning the metabolism 
of 10 patients suffering from severe nephritis which show that 
most of the individuals had normal basal metabolisms. In 
the presence of greatly decreased alkalinity and of a high 
content of non-protein nitrogen in the blood the total heat 
production showed no variation from the normal. 

Tachau! finds that in nephritis the loss of nitrogen by way 
of the sweat induced by an electric light bath is not material, 
but that the loss of sodium chlorid may reach 2 grams per hour 
and may reduce an edema. 


In patients who manifest marked evidence of circulatory 
disturbances Foster® shows that there is an increase in the quan- 


1 Davis and Foster: ‘‘Proceedings of Soc. for ex. Biol. and Med.,” 1915, xiii, 
33: 
_* Henderson, L. J., and Palmer: “Journal of Biological Chemistry,” 
XX1, 37- 

3 Peabody: “Archives of Internal Medicine,” 1914, xiv, 236; I[bid., 1915, xvi, 


1915, 


955. 
4Tachau: ‘Deutsches Archiv fiir klinische Medizin,” 1912, cvii, 305. 
5 Foster, N. B.: ‘Archives of Internal Medicine,” 1915, xv, 356. 
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tity of non-protein nitrogen of the blood, even in the absence 
of nephritis. 

Peabody, Meyer, and DuBois! studied 16 patients with 
cardiac and cardiorenal disease by the methods of direct and 
indirect calorimetry. The two methods agreed within 1.9 
percent. There was no abnormal deviation of the respiratory 
quotients as had been announced by several previous investi- 
gators. Patients with compensated cardiac lesions or with 
mild nephritis showed a normal metabolism. Of 12 patients 
with dyspnea, 9 showed a distinct rise in metabolism, and in 5 
of these the increase was between 25 and 50 per cent. above 
the normal. Two of these 5 patients manifested marked 
acidosis, as was indicated by a low carbon dioxid’ tension in 
the alveolar air. In 2 other patients, whose metabolisms 
were equally high, there was no significant depression of the 
alveolar carbon dioxid. | 

If the dyspnea were accompanied by the production of 
lactic acid in any of the organs, this might have been the 
stimulus to the higher metabolism observed. The decompen- 
sated heart produces slow or insufficient circulation with im- 
perfect oxidation in the tissues, which conditions readily lend 
themselves to lactic acid formation. 

Howland and Marriott? describe a type of acidosis which 
occurs in infants during the course of attacks of severe diar- 
rhea not of ileocolitic type. The usual type of abdominal 
breathing of the young child is succeeded by one which is both 
costal and abdominal. There is a greater amplitude in the 
respirations and they are made with a distinct effort. There 
_is no cyanosis. The condition was first described by Czerny* 
who called attention to the symptoms as resembling those ob- 
served in rabbits dying after the administration of mineral 
acids. Howland and Marriott find that a condition of acidosis 


* Peabody, Meyer, A. L., and DuBois: ‘Archives of Internal Medicine,” 
1916, xvii, 980. 
Be fe ety and Marriott: “American Journal of Diseases of Children,” 1916, 
xi 
( ¥e Czerny: “Jahrbuch fiir Kinderheilkunde,” 1897, xlv, 271. 
32 
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is actually present in these children and they were the first 
to use alkaline treatment in order to rescue them. The acido- 
sis is not due to acetone bodies, from which the blood is free. 

The following presents the results of treatment in one of 
their cases: 


DATE. ah ern HYPERPNEA. ALKALI. 
Mm 
( 22 21 +4+4- Given. 
| 23 42 ° Given. 
Case le ae 24 54 ) Stopped. 
| 24 55 ° 
25 ALI ° 


In normal infants the carbon dioxid tension is between 36 
and 45 mm. and the P,, of the blood is 7.4. In the children 
with acidosis the P,, of the blood was 7.2. There was also a 
reduction of the reserve alkali of the blood. There was fre- 
quent anuria and the conclusion is drawn that the cause of 
the acidosis is probably a retention of acid phosphate in the 
organism. . 


CHAPTER XVIII 


METABOLISM IN FEVER 


By fever is generally understood a complex of phenomena 
the dominant characteristic of which is a rise of body tem- 
perature. If the term “fever’’ be confined simply to the latter 
aspect, one might classify fevers as follows: 

(1) Physiologic fever, induced, for example, by immersion 
in a hot bath at a temperature of 40°, which prevents the 
normal loss of body heat through radiation and conduction. 
(2) Neurogenic fever, as brought about by the direct stimulation 
of nerve-cells in the corpora striata of the mid-brain. (3) Non- 
infective surgical fever, commonly called aseptic fever, due to 
the resolution of blood-cells or crushed tissue in the organism. 
(4) Infective fever, produced after the infection of the organism 
by certain bacteria or their products and by some protozoa. 
Or one may consider fever as being due to infection by bac- 
teria or protozoa, and include all other increases of tempera- 
ture under the term of hyperthermia. 

In a previous chapter the mechanism of normal heat regu- 
lation has been explained. It was there noted that on a warm, 
moist day the temperature of a fat individual, when he was 
working hard, rose considerably above the normal. This effect, 
if carried to an extreme, results in sunstroke, in which the over- 
heating of the body causes a rapid pulse, accompanied by dizzi- 
ness, delirium, or unconsciousness. But in the great majority 
of cases the body temperature remains delicately balanced, 
notwithstanding changes in outside environment, or internal 
heat production. In the fat person at hard work the condition 
of increased metabolism is combined with that of difficult dis- 
charge of heat. A person placed in a bath at 40° would be sub- 

499 


500 SCIENCE OF NUTRITION 


ject to conditions where there could be no heat loss, but rather 
a gain in heat, even though his metabolism were low. In a 
normal person, therefore, a rise in temperature may be due to 
increased heat production, with difficulty in discharging it, or 
a check of heat loss may be the only factor of the higher tem- 
perature. In the discussion of fever one must consider two 
possible causes: (1) an increase in heat production, and (2) 
a decrease in the facilities for the discharge of heat produced. 

It has already been set forth that the metabolism in a cold- 
blooded animal increases with the temperature of his environ- 
ment. Warmed tissue metabolizes more material than cooled 
tissue. It is therefore to be expected that the metabolism in an 
organism which has been warmed to fever heat will be greater 
than the normal. This was beautifully shown in the experi- 
ments of Pfliiger,! who subjected both curarized and normal 
rabbits to external warmth which raised their temperatures. 
In the animals whose voluntary muscles were paralyzed by 
curare as the rectal temperature rose from 39° to 41° the oxy- 
gen absorption increased 1o per cent. for each degree of tem- 
perature increase. In the normal animals the increased me- 
tabolism between temperatures of 38.6° and 40.6° was shown 
by increases of 5.7 per cent. for oxygen and 6.8 per cent. for 
carbon dioxid for a rise of 1° of temperature. 

It has been noted in another chapter (p. 144) that Rubner 
found in man that a bath at a temperature of 35° had no effect 
on metabolism, while one at 44° increased the volume of respi- 
ration 18.8 per cent., the oxygen absorption 17.3 per cent., and 
the carbon dioxid elimination 32.1 per cent. Linser and 
Schmid? confirm these results in experiments on two men suf- 
fering from ichthyosis hystrix, which involved almost complete 
loss of function of the sweat-glands. The body temperature 
of these men could be varied by altering the temperature of 
their living-room between 30° and 38°. The humidity of the 


1 Pfliiger: ‘Pfliiger’s Archiv,” 1878, xviii, 303, 356. 
> Linser and Schmid: “Deutsches Archiv fir klinische Medizin,” 1904, 
XxIX, 514. 
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room was from 40 to 50 per cent. The maximum increase in 
the metabolism of these individuals is represented by a rise in 
carbon dioxid excretion from 3.8 c.c. per minute and kilogram 
at the body temperature of 36.2° to 5.3 c.c. per minute and 
kilogram at 39°. The number of respirations, which were from 
12 to 15 per minute at 36°, increased to 20 and 22 at 39°. The 
total increase in the carbon dioxid output, due to a rise of 3° 
through simple warming of cells, amounted to 4o per cent. 

The next question is of the nature of the materials which are 
oxidized. It has long been known that urea excretion is ab- 
normally high in fever,! and this led to the inquiry whether the 
rise was merely the result of increased body temperature or was 
due to toxic influences. 

F. Voit? found that on artificially raising the temperature of 
a fasting dog to 40° or 41° for a period of twelve hours there 
was an increase in nitrogen elimination of 37 per cent. above 
the normal. Warming for a period of only three hours had 
slight effect. If, however, the animal were fed with meat and 
fat, warming increased the protein metabolism only 4 per cent. 
If the animal were given 30 to 40 grams of cane-sugar no 
increased metabolism of protein followed the rise in temper- 
ature to 41°. It is apparent that the ingestion of protein and 
carbohydrates may control this rise in protein destruction due 
to a febrile temperature. F. Voit explains the increase in pro- 
tein metabolism in hyperthermia as due to the quick combus- 
tion of glycogen and the consequent impoverishment of the 
tissues as regards carbohydrate material. Protein or carbohy- 
drate ingesta furnish the necessary carbohydrate and prevent 
the hyperthermal rise in protein metabolism. 

Careful experiments by Graham and Poulton,* conducted 
in Friedrich Miiller’s clinic in Munich, have shown that in 
man a body temperature of 40.2°, brought about by the influ- 
ence of a steam bath, does not of itself cause an increase in the 

1'Traube and Jochmann: ‘Deutsche Klinik,” 1855, vii, 511. 

2 Voit, F.: “Sitzungsberichte der Gesellschaft fiir Morphologie und Phys- 


iologie,”’ 1895, Heft ii, p. 120. # : 
3 Graham and Poulton: “Quarterly Journal of Medicine,” 1912, vi, 82. 
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metabolism of body protein. Three different diets were 
taken. In experiments I and II the caloric value of the diet 
was high, with excess of carbohydrate and only a minimal quan- 
tity of protein. Diets III and IV were composed chiefly of 
protein and fat; one with ample calories and high in 
protein, the other with insufficient calories and only a 
moderate amount of protein. The results of the experi- 
ments may be thus epitomized: 


Subject nt seer eee iP G. 1p. G. 
Experiment eee er I II Ill IV 
Character of diet....... CH-+fat. CH-+fat.  Prot.tfat. Prot.+fat. 
Calories.in diet......... 4050 4690 3700 1970 
Calories per kg. per day. 68 Hite 50 Be 
N in diet, grams: . 22... T28 0.91 34.4 m2:3 
No. of days of diet before 

EXperimcntieer ean iee 6 6 19 8 
+ Body N, day before 

bath: Shae ae — 3.37 — 3.00 +1.91 —3.41 
+ Body N, day of hot 

bath... unoeeaeeeee — 2.88 —2.78 +1.42 —2.45 
+ Body N, day after 

bath iste teee aes — 2.85 —2.47 +1.66 —3.22 
Maximal body tempera- 

ture, day of bath..... 30.80 40.2° 40.1° 30.7° 


In these experiments the abnormally high body tempera- 
ture was maintained for several hours, and yet there was never 
any increase in the breakdown of body protein due to the 
hyperthermia. 

It has already been recited (see p. 317) how Kocher, work- 
ing in the same clinic, found that a walk of 60 kilometers with 
a consequent doubling of the heat production was without 
effect upon the protein metabolism even when the output of 
urinary nitrogen was at a minimal level. 

It is evident from these experiments that neither high body 
temperature nor largely increased heat production has any 
effect upon the minimal ‘‘wear and tear’’ quota of protein 
metabolism. The destruction of protein by toxic processes 
in fever is, therefore, independent of the two factors enumer- 
ated, as will be seen later. 

If certain portions of the brain be punctured, and particu- 
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larly the region of the corpora striata, a high fever sets in. 
Here again there is an increased output of carbon dioxid and a 
rise in protein metabolism. This phenomenon has been re- 
cently investigated by Hirsch, Miiller, and Rolly,! and by 
Rolly? alone. They find that after the “heat puncture” of the 
corpora striata the liver, blood, and skin become warmer than 
the muscles, although normally the muscles are warmer than 
the skin. They find that the heat puncture is effective even in 
curarized animals, where the muscles are free from nerve stim- 
uli. Rolly finds, however, that the heat puncture is ineffective 
if the liver of the rabbit has been previously freed from glyco- 
gen by strychnin convulsions. Under these circumstances 
there is no rise in temperature nor concomitant rise in protein 
metabolism. The inference is that the fever in question is due 
to nerve impulses which increase the metabolism of carbo- 
hydrate in the liver. In infectious fever there is little glyco- 
gen in the organism, but that the fever in this case is due to 
other causes than the rapid combustion of carbohydrates was 
shown by Rolly, who infected a rabbit, which had been freed 
from glycogen as above described, with a culture of pneumo- 
cocci and obtained as great a rise in temperature and protein 
metabolism as would have occurred had the tissues of the 
rabbit been rich in carbohydrates. The rise in temperature 
after puncture of the corpora striata may be termed neurogenic 
fever, and it is like the glycosuria following Claude Bernard’s 
puncture, in that its mechanism is no more invoked in true 
infectious fever than are the nerve centers in diabetes mellitus 
(p. 446). + 
Freund? finds that simple heat puncture in the rabbit is 
still effective after cutting the cord at the level of the second 
dorsal nerve. It is interesting that this phenomenon of heat 
puncture, with its increased carbohydrate combustion and an 
elevation of body temperature between 0.7° and 1.76° in 
; 1 Hirsch, Miiller, and Rolly: “Deutsches Archiv fiir klin. Med.,” 1903, Ixxv, 
2 


4. 
2 Rolly: Ibid., 1903, Ixxviii, 250. 5. 
3 Freund, H.: “Archiv fiir exp. Path. und Pharm.,” 1913, lxxii, 304. 
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rabbits and in dogs, is without influence upon the hydrogen 
ion concentration of the blood.! . 

If the extent of metabolism in infectious fevers be inves- 
tigated the following state of affairs is discovered. The course 
taken by the metabolism in toxic fevers is, as a rule, (1) a slight 
rise in protein metabolism, even before the fever sets in; (2) 
increased metabolism with heat retention and increased pro- 
tein destruction; (3) heat production and heat elimination 
become equal, with the body at a higher temperature level. 
These factors were illustrated in the experiments of May? on 
fasting rabbits injected with a culture of erysipelas of the pig 
and in the following experiments of Staehelin. 

Staehelin’ infected a dog by inoculating him with 1.5 c.c. of 
dog’s blood containing surra trypanosomes which are active 
flagellate parasites. Fever set in on the sixth day after the 
inoculation and the dog died on the twenty-fifth day. The 
metabolism due to the infection rose to 88.9 calories per kilo- 
gram on the tenth day after inoculation as against a normal of 
59.8, an increase of 48 per cent. On this febrile day 26 per 
cent. of the total energy was yielded by protein; the body lost 
2.8 grams of nitrogen, which indicated a high toxic waste. 
However, all the increase in the heat production did not come 
from increased protein metabolism, but the fat destruction 
was also increased, and Staehelin speaks of a toxic waste of fat. 
He also remarks that the dog remained perfectly quiet during 
the period of the experiment, but he does not say whether 
thermal influences which could result in chill were completely 
excluded. However, he came to the conclusion that in this 
fever caused by trypanosomes the metabolism was higher 
than could be explained by the overwarming of the body. 

During the last days of life the body temperature fell and 
with it the amount of the metabolism. The following table 
gives a partial record of the daily metabolism in this dog: 


1 Quagliariello: ‘“Biochemische Zeitschrift,” 1912, xliv, 162. 
2May: “Zeitscheift fiir Biologie,” 1894, xxx, 1. 
3 Staehelin: “Archiv fiir Hygiene,” 1904, 1, 77. 
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METABOLISM IN FEVER INDUCED BY SURRA TRYPANOSOMES 


; ra a 
as 8 4 ; Py Bopy 
He g. coe ax iennad ete z Teme. 
2A ° n> : o 
Prriop. PI 4 |As iS Gs B 8 3 a4 | oo 
»P lea] 4 Zz 8 | 62 | 3a) 8% 
a 5 oe g g Fs 28 10 : 32 Max. | Mi 
6 in. 
Se ha) a | a bea Os 
1a) io) Oo n 
I. Normal (average).| .. oe .67 | +0.1 8 
II. Inoculation and aot Sew ae gh i sca 
Omalact 2: 6 5.67 | —0.18 | 585 | 460.3 | 58.3 | 982 | 30.4 | 38.3 


prodr 
TEE. rst of fevers... ; 4 5.67 { —0.40 | 585 | 521.4 | 63.9 | 1081 | 30.5 | 38.3 


6 
i 6 6 

as 5.67 | —0.4 585 | 556.9 | 68.2 | 1154 | 30.6 | 37.7 
9 ie 5-67*| —1.06 | 585 | 675.2 | 81.6 | 1388 | 40.1 | 30.6 
° 5-67 | —2.80} 585 | 729.3 | 88.9 | 1507 | 309.2 | 37.0 
wee okie nas II-17 7 4.37 | —2.50| 451 | 665.2 | 83.7 | 1404 
tig ew dw, de 18-20 3 3-34 | —2.52 | 348 | 665.0 | 74.0 | 1218 | 40.4 | 38.5 


MRO )itcsaceisicas 21-24 4 — | —4.63 aa 521.0 | 62.0 | 907 | 38.8 | 35.5 


Long before these experiments Wood! had found an aver- 
age increase of 23 per cent. (calculated by Welch) in the heat 
production of fasting dogs after inducing fever; and he also 
found that mere ingestion of food by a normal dog would cause 
a greater heat production than fever itself. 

Traube,? who was the first modern scientific clinician, 
attributed the cause of fever to a cramp-like constriction of the 
peripheral arterioles, which prevented the proper distribution 
of the blood at the surface and therefore hindered the normal 
cooling of the body. Since Traube’s writings on the subject 
were published the cause of fever has been attributed not to 
greater heat production, but to a disturbance in the mechanism 
of the regulation of heat loss. On recalling the fact that the 
metabolism of a fasting dog may be raised from roo calories 
in fasting to 189 calories after giving meat (see p. 234) without 
any change of body temperature, it becomes evident that the 
increased heat production in fever cannot alone be the cause 
of the high body temperature. In fact, as has already been 
set forth, the rise in the body temperature from failure of the 


1 Wood: “Fever,” Smithsonian Contributions to Knowledge, Washington, 


1880. 
2 Traube: “Allgemeine medizinische Central-Zeitung,” 1863, xxxii, 410, 426, 


8I0. 


506 SCIENCE OF NUTRITION 


physical regulation may of itself explain the increase in heat 
production. 

Senator! early recognized that the increase in body tem- 
perature took place in consequence of a disturbed relation- 
ship between an abnormally high heat production and a heat 
elimination not correspondingly high. Senator assumed an 
increase in the production of heat, which Traube did not, 
and Leyden? found a considerable increase of metabolism in 
fever. 

The effect of a cold bath upon a vigorous man is to constrict 
the peripheral blood-vessels and to increase the heat pro- 
duction. The body temperature, instead of falling, may rise 
for eight or ten minutes and then sink. If the individual pass 
from the bath during the earlier minutes the hot blood comes 
to the surface to be cooled, and the body glows with a red color, 
the so-called “reaction.” This experiment shows that there 
are factors invoked during the first few minutes which prevent 
the discharge of the heat produced. One factor must be a 
general constriction of the peripheral arteries, causing the 
blood to remain in the heat-producing inner organs of the 
body. In this experiment, therefore, cooling of the organism 
is prevented by the mechanism of physical regulation above 
described, and the mechanism of chemical regulation which 
reflexly increases heat production. 

To combat a rise in temperature, however, the only means 
available is the physical regulation—~. e., the change in the 
distribution of the blood and the production of sweat. If these 
avenues of heat loss be diminished or shut off, heat accumulates 
within the body and the temperature rises. Why an increase 
in heat production of 89 per cent. may not cause a rise in 
temperature in a normal animal has already been explained; 
whereas, a high fever may be accompanied by much less of an 
increase in metabolism. The cause of the fever must, there- 

1Senator: ‘‘Allgemeine medizinische Central-Zeitung,” 1868, xxxvii, 926; 
and ‘Untersuchungen iiber die fieberhaften Prozesse,” Berlin, 1873. 


2 Leyden: “Deutsches Archiv fiir klinische Medizin,” 1870, vii, 536. 
5 Lefévre, J.: “Comptes rendus soc. biol.,” 1894, xlvi, 604. 
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fore, be a diminution in the ability to discharge the heat pro- 
duced. 

In further support of this Senator has shown that the 
fever following pus injections in a dog begins with a retention 
of heat within his body. Nebelthau! found in a rabbit that 
during the first twelve hours of infection in which the tem- 
perature rose from 38.6° to 4o.1° the discharge of heat was 
but 96.3 per cent. of that of the previous period. Assuming 
the heat production to have been the same in these two pe- 
riods, then the retention of heat would account for the patho- 
logic increase in temperature. At a later stage the discharge 
of heat rose to equalize its production at the higher temper- 
ature. 

It is evident from this discussion that a problem of great 
interest is involved in the following three questions: (1) Does 
an increased metabolism precede a rise in body temperature? 
(2) Do increases in metabolism and body temperature occur 
simultaneously? (3) Does the rise in body temperature pre- 
cede the increase in metabolism? The questions can only be 
answered by simultaneous determinations of the heat produc- 
tion by the methods of direct and indirect calorimetry, ac- 
complished in short periods and using most exact methods 
and technic. 

Such work was accomplished by Coleman and DuBois? 
in their studies concerning typhoid fever. Their results are 
presented in the form of a chart (Fig. 26). 

In every one of these cases there was a rising body temper- 
ature. In every case but one an increase in heat production 
accompanied the rising body temperature; and the heat 
elimination, though not equal to the heat production, rose to 
meet the needs of the higher level of metabolism. The major 
part of the evidence, therefore, points to an increase in the 
metabolism which is coincident with an elevation of body 
temperature when determinations are made in hourly periods. 


1Nebelthau: ‘Zeitschrift fiir Biologie,” 1895, xxxi, 353. 
2 Coleman and DuBois: “Archives of Internal Medicine,” 1915, xv, 887. 
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In one instance (Morris S., October 24th) the heat production 
and heat elimination both fell notwithstanding a rising body 
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Fig. 26.—Curves showing the relationship and heat elimination in fever 
Rising temperature. The uppermost line shows the rectal temperature as 
measured every twenty minutes. The heavy continued line represents the heat 
production in hourly periods as determined by the method of indirect calorim- 
etry. The dotted line gives the heat elimination as determined by the meas- 
urement of the calories of radiation, conduction, and vaporization. The differ- 
ence between the levels of these two lines represents the heat stored in the body 
as the temperature rises. Note the fact that in every case except one the heat 
elimination increases with a rising temperature. 


temperature. This could only have been accomplished 
through an alteration in the apparatus for the elimination of 
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heat from the body, in the sense of Traube’s analysis of 
fever. 

Coleman and DuBois also cite experiments which show that 
when the body temperature is constant in high fever the heat 
production and heat elimination are equal to each other, and 
when the body temperature falls the heat elimination rises 
above the heat production, while the amount of the latter may 
or may not fall. 

Coleman, Barr, and DuBois have recently noted in the 
case of a man suffering from erysipelas that a fall in body 
temperature of 1° C. during sleep in the calorimeter had no 
effect upon the hourly production of heat (unpublished). In 
this individual the reduction of body temperature was there- 
fore wholly dependent on the mechanism of the physical reg- 
ulation of temperatute. 

On the whole, these experiments show that in fever the in- 
crease in metabolism and of body temperature occur simul- 
taneously. Further experiments planned along these lines, 
using other fevers and perhaps even shorter periods, will, it 
is hoped, give clearer evidence whether there is any reason 
for an increased heat production other than a rise in body 
temperature; or whether there is usually a preliminary stimu- 
lus to increased metabolism before the rise in body tempera- 
ture occurs. 

Nebelthau has shown a fall in temperature and heat pro- 
duction in a rabbit whose cord was divided between the sixth 
and seventh cervical vertebre, and has also demonstrated that 
under these circumstances infection with erysipelas of the pig 
had no influence on temperature or heat production. The 
inference is that the febrile toxins act through the higher 
vasomotor centers, whose regulatory control is lost in the 
above experiment. 

A kindred interpretation may be placed on the experiments 
of Mendelson,! who was unable to produce fever through pus 
injections when the dog was under the influence of chloral or 


1 Mendelson: ‘‘Virchow’s Archiv,” 1885, c, 274. 
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morphin, although such treatment in a normal anima] caused 
a rise in temperature of from 36.3° to 39.9° in forty-five min- 
utes. Mendelson also finds a constant constriction of the 
renal blood-vessels in fever. 

Further experimentation convinced Sawadowski' that fever 
cannot be produced after the mid-brain has been severed 
from the medulla, whereas if the mid-brain be left intact, but 
the cerebrum be sectioned from it, fever may be induced in 
the ordinary course. Citron and Leschke? have found that 
destruction of the median portion of the ’tween brain on the 
boundary between the optic thalamus and the corpus quadri- 
geminum anterius, the ‘‘’tween brain puncture,” converts a 
rabbit into the equivalent of a cold-blooded animal. Under 
these circumstances it is impossible to produce infective or 
non-infective fevers of any kind. The toxic substance must 
therefore act on nerve-cells in the mid-brain, which, in turn, 
stimulate the medullary centers. 

At times during high fever the skin may be red and the 
peripheral blood-vessels distended. Although there is no 
sufficient explanation for the continuance of fever when the 
radiation and conduction of heat from the surface of the body 
are thus increased, Krehl* suggests that-the quantity of blood 
flowing through the vessels at the time may be inadequate to 
reduce the body’s temperature. 

The second means of physical regulation of the body tem- 
perature is through the evaporation of water from both the 
lungs and the sweat-glands. It might be surmised that the 
activity of this mechanism was reduced in fever. Nebelthaut 
has shown that the heat lost by evaporation of water and by 
radiation and conduction bear exactly the same ratio to each 
other in normal and in fever-infected rabbits. Since Rubner 
(p. 140) has proved that the elimination of water in normal 


1Sawadowsky: “Centralblatt fiir medizinische Wissenschaft,’”’ 1888, xxvi, 
161. 
2 Citron and Leschke: ‘‘Zeitschrift fiir ex. Path. und Ther.,” 1913, xiv, 379. 
3 Krehl: “Pathologische Physiologie,”’ 1904, p. 453. 
4Nebelthau: Loc. cit. 
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animals greatly increases at high temperatures, the mere 
maintenance of the usual water evaporation during fever would 
of itself be abnormal. 

Lang! has shown that the elimination of sweat is-reduced 
during the rise of temperature in man, but at the height of 
fever is the same as the normal, while there is some increased 
evaporation from the lungs. He has also shown that the se- 
cretion.of sweat is increased 50 per cent. after the ingestion 
of food as against an increase of 70 per cent. in the normal 
individual. 

Recent experiments by Schwenkenbecker and Inagaki? 
show that the “insensible perspiration” in fever is as great as 
in health, and that although the urine may decrease in quan- 
tity there is no actual accumulation of water in the body as was 
believed by von Leyden (see p. 522). 

Calculations made by Soderstrom’ from the work of Cole- 
man and DuBois show that in typhoid fever, when the body 
temperature is rising, the heat lost by water vaporization 
through the skin and lungs bears a lesser relation to the 
total heat elimination than occurs in normal individuals. 
On the contrary, a fall in body temperature is accompanied 
by a relative increase in the water elimination. These ex- 
periments confirm the ideas of von Leyden,* which were pub- 
lished in 1868. 

The production of heat in fever may be greatly increased 
during a chill, and a rapid rise in temperature may follow. 
This was shown by Liebermeister® in a case of malaria. The 
temperature rose from 36.9° in the first half-hour to 39.5° at the 
end of another hour, while the carbon dioxid expired rose from 
14.85 grams to 34.20 grams per half-hour. Barr, Cecil, and 
Du Bois (unpublished experiments of 1917) have found that 
during the chill in malaria or the chill following intravenous 


1Lang: “Deutsches Archiv fiir klinische Medizin,” 1904, lxxix, 343. 

2 Schwenkenbecker and Inagaki: “Archiv fiir ex. Path. und Pharm.,” 1906, 
liv, 168. 

8 Soderstrom: Unpublished. ty By 

4 yon Leyden: “Deutsches Archiv fiir klinische Medizin,” 1869, v, 273. 

5 Liebermeister: [bid., 1871, viii, 153. 
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injection of typhoid vaccine the extra heat produced was re- 
tained in the body, causing the sudden rise in body temper- 
ature. The amount and manner of heat loss was essentially 
unchanged from level of the previous normal, suggesting that 
the heat retention was due to a failure of the vasodilator sys- 
tem to respond normally. The chill ensued even when a pa- ” 
tient was surrounded with hot-water-bags at a temperature of 
42° C., indicating that the phenomenon was not due to the 
mechanism of chemical regulation as held by Krehl.' 

Infectious fevers are characterized by a toxic destruction of 
body protein. Sometimes, as in the earlier stages of tuber- 
culosis, this tissue destruction may be present in the absence of 
fever itself. Such a toxic action on body protein is also ob- 
served in cancerous cases, as was described by Fr. Miiller.? 
He writes: ‘In the 7 cases (of carcinoma) cited, the ni- 
trogen excretion was larger than the nitrogen ingestion, and 
consequently the body lost protein. In 2 cases the protein 
loss was no greater than in healthy individuals with similar 
insufficient nourishment. In all the other cases the protein 
metabolism was decidedly above that of healthy men under the 
same conditions. Even an ample dietary was not able to es- 
tablish nitrogen equilibrium. As more food was given the 
nitrogen elimination rose higher and higher, but the point of 
nitrogen equilibrium seemed unattainable.” Miiller compared 
the cachexia of carcinoma with that found in febrile processes 
and believed them to be analogous. 

Under these conditions the heat production may be in- 
creased 30 or 40 per cent. above the normal, despite the char- 
acteristic cachexia. In milder cases of carcinoma, however, 
an increase in metabolism is not apparent.‘ 

As regards tuberculosis May® writes: “Larger quantities of 
the toxins produce, with certain exceptions, a direct injury to 


1Krehl: ‘Pathologische Physiologie,” 1904, p. 452. 

2 Miiller, F.: ‘Zeitschrift fiir klinische Medizin,” 1880, xvi, 406. 

4 Wallersteiner: “Deutsches Archiv fiir klinische Medizin,” 1914, cxvi, 145. 
4Magnus-Levy: ‘Zeitschrift fiir klinische Medizin,” 10906, |b eas tr 

5 May: Ott’s ““Chemische Pathologie der Tuberculose,” Berlin, 1903, p. 335. 
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the cell protoplasm. They are strongly toxic. The quantity 
of protein destruction attributable to this cause is not very 
large and becomes of importance only when continued for a 
long period of time and where there is no compensatory regen- 
eration. It appears that the power to regenerate on the part 
of these cells which are destroyed by toxins is greatly reduced 
and in severe cases entirely lost.” 

Other fevers show a high toxic destruction of protein. 
F. Miller! reports a daily loss of 10.8 grams of nitrogen (equal 
to 318 grams of muscle) by a typhoid patient during eight days 
of fever when the daily food contained 8.3 grams of protein 
nitrogen and about tooo calories. Administration of antipy- 
rin which lowered the body temperature somewhat lessened the 
protein destruction. During fever in croupous pneumonia 
the protein metabolism is much higher than normal. After 
the crisis there is still a large excretion of nitrogen in the urine 
which continues until the croupous exudate has been decom- 
posed by autolysis, absorbed by the blood, and metabolized in 
the body (epicritical nitrogen elimination). In acute pneu- 
monic phthisis (galloping consumption), with its caseous trans- 
formation of lung tissue, there is a very high waste of tissue 
protein. F. Miiller? has shown that while the croupous exu- 
date readily undergoes autolysis at a temperature of 40°, with 
the production of deutero-albumoses, lysin, leucin, tyrosin, 
etc., the caseous mass does not undergo autolysis, although it 
permits free diffusion of soluble material, such as phosphates. 
Hence, although the protein of the cheesy mass is insoluble 
in the organism, the soluble toxins may be absorbed from the 
diseased part, and be the causative agent of the rapid destruc- 
tion of body protein in galloping consumption. 

The toxic destruction of protein in infective fever was 
definitely established by Kocher,’ who found that after giving 
to a typhoid patient a diet containing carbohydrate in large 

1 Miiller, F.: ‘Centralblatt fiir klinische Medizin,” 1884, v, 569. 

* Milller, F a ees, des 2oten Congresses fiir innere Medizin,” 


cil section iv, p. 
3 Kocher: «Deutsches Archiv fiir klinische Medizin,” 1914, cxv, 106. 
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amount and containing very little protein it was absolutely 
impossible during the febrile period to reduce the output of 
urinary nitfogen to that corresponding to the low level of the 
normal ‘‘wear and tear” quota of protein metabolism. With 
the decrease in the intensity of the febrile process the loss of 
body nitrogen gradually diminished. This appears in the 
following table: 


PROTEIN METABOLISM IN TYPHOID FEVER 
Weight, 57.5 to 59.8 kgm. 


Foon. 
—___—_____| __N - oN U H 
Day oF FEvER. Cc erage Loss. Acie seis Tau. 
ee | mows al. per 
f Kg. 

Io 3448 | 4.7 60 21.09 —16.30 1.38 30.2° 
II 3335 | 4.7 58 18.35 —13.75 12265 30.3.7 
12 a2 Tau |eor BOO A ERO. cso kan | eee 20-306 
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15 3233) | 2:2 56 15.4 —13.2 Ton) s8:4ne 
16 Gots imez.2 56 10.4 —8.2 0.68.59 37 ean 
17 Botsu|| 2.2 56 5.76 — 3.56 O50 is0n 
18 4666 | 3.5 78 6.70 —3.20 0.61 3st 
19 4666 | 3.5 78 6.79 — 3.29 0-45) 13750 
20 4666 | 3.5 78 5.81 — 2,31 0.41 Normal 
21 4666 | 3.5 78 5.93 — 2.43 0.26 Normal. 


Daily creatinin reduced from 2.5 to 1.5 grams. 


Although the nitrogen in the urine of a normal man when this 
diet is given ranges between 2.5 to 4 grams, during the febrile 
period of this typhoid patient it averaged 16 grams and even 
reached 20 grams per day. Creatinin, uric acid, sulphur, and 
phosphorus elimination were increased during the febrile 
period, but declined with the decline in protein metabolism. 

Coleman and DuBois! gave to typhoid patients diets which 
contained much larger quantities of protein (as much as 16 
grams of nitrogen daily), but they were unable to obtain nitro- 
gen equilibrium, even though the diet was rich in carbohydrate. 
The following table gives a summary of their data: 


1 Coleman and DuBois: ‘‘Archives of Internal Medicine,” rors, xv, 887. 
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TY- 


PHOID PATIENTS WHO RECEIVE FOOD CALORIES IN EX- 
CESS OF CALCULATED HEAT PRODUCTION. RESULTS ARE 
AVERAGES PER DAY 


CaLcu- 
Dates or Days| Days RANGE OF peo 
PATIENT. or DISEASE, IN + Rapa hese cape Ge Foop ae 
INCLUSIVE. (PERIOD. RES OWAL | || wea | AES Gu. Gn. 
CAL. 
Morris S..| Oct. 23- 
Nov. 3 12 102.8-104.6 | 2266 | 2863 | 16.4 | —4.4 
Dec. 19-24 6 IOI.Q-105.I | 2085 | 2089 | 13.2 | —2.4 
Charles F.) Nov. 28-30 3 IOI.2-103.4 | 1752 | 2458 | 12.0] —4.6 
KarlS....| Jan. 12-18 7 IOI.O-105.0 | 2197 | 2985 | 16.1 | —3.2 
Jan. 19-22 4 98.8— 99.0 | 1678 | 2819 |} 14.6 | —1.9 
John K...| Jan. 15-20 6 | 103.2-104.0 | 2568 
Days of Disease. 
Frank W. TI—14: 4 | 104.0-105.4:|. 2200 |.2250.| 11.3 | —5.0 
I5-19 5 103.0-104.0 | 2238 | 3320| 15.3 | —3.3 
20223 4 TOU.O—103.6 1) 2054, |) 2302 |; 15.08) — 1.5 


Coleman and DuBois conclude that, though there was 
ample protein in the diet to establish nitrogen equilibrium in 
the normal man, it could not accomplish this in typhoid fever. 
It was impossible to escape the conclusion that the destruc- 
tion of protein is caused by the toxins of the disease. In some 
cases the protein destruction continued several days after 
the body temperature had reached a low level. 

In all fevers the septic products act upon the hunger cen- 
ters in the brain, and appetite is wanting. This is evidenced 
throughout the course of tuberculosis, for example, and tends in 
this case to weaken the body’s resistance through undernutri- 
tion. Forced feeding is therefore resorted to. 

The experiments of von Hésslin! strongly affirmed the be- 
neficence of a liberal diet in ordinary fevers. He writes: “The 
results show that febrile patients, or at least those who do not 
run temperatures above 40° to 40.5°, can digest and absorb 
the total amount of protein, fat, and carbohydrates which can 
be given them with their diminished appetite, provided the 


1 yon Hésslin: “Virchow’s Archiv,” 1882, lxxxix, 317. 
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food is administered in a proper form. Temperature and 
metabolism are only slightly increased thereby.” 

The efficiency of a carbohydrate diet in typhoid fever was 
first demonstrated by Shaffer and Coleman,! who showed that 
the ingestion of large amounts of carbohydrate in a medium 

‘protein diet may almost maintain the patient in nitrogen 
equilibrium throughout the disease. The diet consisted of 
milk, milk-sugar, diluted cream, eggs, and sometimes arrow- 
root starch. Shaffer writes: “It was only when we gave 60, 
70, or even 80 calories per kilogram of body weight—between 
3000 and 4000 calories—that the greatest sparing was ob- 
served.” . 

The results obtained from two individuals suffering from 
typhoid are presented in the following table: 


INFLUENCE OF CARBOHYDRATES ON PROTEIN METABOLISM 
IN TYPHOID FEVER 


Subject I. 
CALORIES 
TORT PER Ke. 
No. or | RANGE oF Maxi- 
CaLo- NITROGEN| NITROGEN 
Penson, [Dave] acne Tea |xsor| | From | moon |0 Booy 
1S Lotal. halve 
drates. 
Lith enieearee 4 |104 -103.2°F. | 4280] 72 48.0 | 13.9 | — 0.9 
TT crease. 6 103.6-102.8° F. | 5200 | 85 48.0 | 15.0 | — 0.2 
SLUT cma cea, eter: 4 | 103.8-103.4°F. | 2750 | 45 7.0 | 15:0 . 1 —"8.5 
Vice 8 | 104.8-101.4° F. | 5340 | 89 52.0 | 14.5 | — 2.8 
NGS oA el 6 | 100.8-99.4°F. | 4990 | 83 | 48.0] 13.8 | + 1.2 
Vier 4 | Normal. 2430 | 41 7.0 | 13.5. | — 03 
Subject II. 
Doar eee 9 104.4-102.6°F. | 1920 | 31 7.8 12.6 | —11.3 
BPAY tote 6 | 102.8-100.6°. F. | 4200 |. 7o | 47.0 | 12.6 |*— 2.2 
TD ao 6 | Normal. 1930 | 32 8.05: 52.7) gests 
TVs eerie 8 | 102.8-99.6°F. | 4800] 78 | 50.0] 14.1 | + 3.6 
Relapse. 
Vig case 6. | Normal conva- 
lescence. 2460 | 39 12.0 | 14.6 | + 1.8 
* Average for last three days of diet. 
1 Shaffer: “Journal of the American Medical Association,” 1908, li, 974; 


Shaffer and Coleman, “‘Archives of Internal Medicine,’’ 1909, iv, 538. 
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From this it may be concluded that nitrogen equilibrium 
may be very nearly maintained throughout the course of ty- 
phoid fever on a diet containing 12 to 15 grams of nitrogen, 
provided an excess of carbohydrate beyond the requirement of 
the organism be also administered. Very likely under these 
circumstances the fat in the diet is without influence, except 
that it is retained in the organism. Upon this basis rests the 
very notable advance achieved by the Coleman-Shaffer 
“high calorie diet.” 

Pioneer work with accurate technic upon the subject of 
the respiratory metabolism in typhoid fever was first ac- 
complished by Kraus,! Grafe,? Rolly, and Coleman and 
DuBois,t but the most complete work upon the subject is 
presented in the calorimeter studies of Coleman and DuBois 
which have already been incidentally alluded to. These 
authors give the following table which shows’ the corre- 
spondence between direct and indirect calorimetry obtained 
with patients suffering from typhoid: 


INDIRECT. DIRECT. DIVERGENCE. 
Total calories measured in all experi- Per cent. 
THEMES isc clas ernie aie een ais 12,822.03 12,539.67 —2.2 
Excluding first periods............ 8,470.93 8,488.07 +o.2 
Calories measured in febrile experi- 
ments excluding all first periods. . 59720.21 5583-55 —2.4 


Ten individuals were investigated. Metabolism records 
were obtained on sixty-five days. Twenty-four of these were 
devoted to the study of Morris S., a patient whose metabolism 
was determined through the course of the fever and two re- 
lapses, and one year later when he returned to the hospital 
in perfectly normal health. This gave the opportunity of 


1Kraus: ‘Zeitschrift fiir klin. Med.,’”’ 1891, xviii, 160. 

2 Grafe: “Deutsches Archiv fiir klin. Med.,” 1911, ci, 209. 

3 Rolly: Jbid., 1911, ciii, 93. : 

4 Coleman and DuBois: ‘Archives of Internal Medicine,” 1914, xiv, 168. 
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contrasting the effect of the specific dynamic action of pro- 
tein in the same individual in fever and in health. 

Coleman and DuBois state that the average increase in the 
basal metabolism in typhoid fever is approximately 40 per cent., 
although figures of over 50 per cent. are frequently encountered. 
The following table shows the average results obtained during 
the various weeks of typhoid fever: 


BASAL METABOLISM, ACCORDING TO PERIODS OF TYPHOID 


FEVER 
AVERAGE 
Per CENT. 
NumsBer | NumBeror- Rise ABOVE AVERAGE 
PERIODS. OF OBSERVA- AVERAGE RESPIRATORY 
PATIENTS. TIONS. NorMAL QUOTIENT, 
34.7 CALORIES 
PER Sq. M. 
Ascending temperature... . 2 2 +37 0.79 
Continued temperature. ... 5 7 | +42 0.77 
arly steep curve....°...- 3 4 +26 0.82 
ate steepicurvesaecanecier 3 3 +16 0.82 
Relapse— , 
Ascending temperature. . 2 3 +25 0.82 
Continued temperature. . 2 2 +51 0.76 
Karly steep curvess.ec.- 2 4 +36 0.78 
Late’steepi curves ce I I +16 0.79 
Convalescence— 
Hirst: weekjic tic sheed 3 4 — 2 0.91 
Second week... enc. 3 5 “+ 6 0.88 
Third) weeks. acer cee I I +17 0.81 
Fourth weekiiec.:.ea. 2 2 +15 0.86 
Fifth week ncemn ee etrece 2 2 + 4 0.81 


The considerable increase in metabolism during the 
second, third, and fourth weeks of convalescence is a note- 
worthy discovery. It is during this period that a regenera- 
tion of body protein takes place, and DuBois points out that 
the heightened metabolism is reminiscent of the increased heat 
production during the period of growth. 

The specific dynamic action of food administered in typhoid 
fever was found to be almost negligible, although during con- 
valescence it was as high as in normal individuals. The 
following table shows these results: 
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SPECIFIC DYNAMIC ACTION OF PROTEIN AND CARBOHYDRATE 
IN HEALTH, FEVER, AND CONVALESCENCE 


j AVERAGE 
NUMBER OF i rome Gu. Foop AVERAGE 
SuBJEcTs. Experi- | Nrrrocen or | poopy Ke. PER CENT. 
MENTS. GLUCOSE IN opy WEIGHT RISE IN 
Foop NITROGEN OR METABOLISM. 
zi GLUCOSE. 
Protein meal. 
Two normal men*..... 2 10.1 0.147 9.3 
Four febrile patients. . . 6 8.6 0.174 4.5 
Four convalescents.... 5 10.2 0.217 10.6 
Commercial glucose. 
Three normal men*.... 3 II5.0 1.6 9.1 
Two febrile patients. . . 4 115.0 2.2 1.0 
Three convalescents.... 3 II5.0 27 8 


* Since the completion of Paper 4 two more normal controls have been given 
the test-meals. Morris S., on Dec. 18, 1914, showed a rise of 6.5 per cent. after 
a meal containing 9.6 gm. N.; Albert G., on Jan. 6, 1915, showed an increase of 
9 per cent. in his metabolism after 115 gm. commercial glucose. 


The meal containing protein was as large as the patient 
could be persuaded to take. The results of the ingestion of 
large amounts of food caused only a slight increase in the basal 
metabolism during fever, one of 5 per cent. in the case of pro- 
tein and only 1 per cent. in the case of commercial glucose. 
The ancient doctrine of “starving a fever” herewith falls to 
the ground. 

The effect of bodily activity upon the basal metabolism 
does not appear to be as marked during typhoid fever as in 
health. Thus, Coleman and DuBois describe how Morris S. 
was quiet during a first hour, was restless and tossed about 
the bed during a second hour, and during a third hour was evi- 
dently irrational, tossed about, wrote several long notes which 
he held up to the calorimeter window, telling of animals that 
were biting him with their sharp teeth. Yet his metabolism, 
which was 43 per cent. above the normal for the three-hour 
period, was only 5 per cent. higher than during a quiet period 
of observation of the basal metabolism made two days later 
when the body temperature was lower. 
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The principal cause of the increased metabolism in typhoid 
fever lies, therefore, in the febrile process itself, and food and 
restlessness have little influence. 

The respiratory quotients were normal, the lowest being 
0.72, obtained during fasting, and the highest 1.04, obtained 
after carbohydrate ingestion. 

The large quantities of food administered to the typhoid 
patients in the “high calorie diet” are as completely absorbed 
as they would be in health. 

Only a résumé of the more important principles involved 
can be attempted in this book, and those interested in the 
metabolism of typhoid patients are referred to the details in 
the original communication of Coleman and DuBois. 

An illustration of the course of nitrogen metabolism in a 
different fever—namely, pneumonia—may also be taken from 
von Leyden and Klemperer.? The details are given below: 


METABOLISM IN PNEUMONIA 


Foop. EXCRETA. 
TEMP. ON Loss oF 
SUCCESSIVE Bopy 
Days. Quantity in Calo- | yy | at, | Carbohy- |Urine | Feces |Total N. 
Grams. Ties. ; "| drates. N. N. N. 
40.8 (highest). 2000 milk. 1360 10.6 70 90 _ 24.7 0.9 | 25.6 15.0 
40.9 (highest). 2000 milk, 1980 | 11.4 85 197 22.8 | og | 23.7 | 12.3 
150 cream, 
100 lactose. 
41.2 at 12 M. 2000 milk. 1075 10.6 70 240 21.7 | 0.9 | 22.6] 12.0 
36.8 at 7 P. M. 150 lactose. 
37-3 (highest). 2000 milk, 1612 11.7 90 909 21.9 I:I | 23.0 | (12.3 
200 cream. 
36.8 (highest). 2000 milk, 1752 | 13.7 | roo 09 18.5; |) .t.%9) 1:6 5.9 
200 cream, i 
2 eggs. 
36.8 (highest). 2000 milk, 2018 | 17.3 | 120 104 18.7 1.1 | 19.8 2.5 
300 cream, 
4 eggs. 


In this case it is apparently demonstrated that nitrogen 
equilibrium cannot be obtained during high fever, and also 
that the loss of body nitrogen does not cease at the crisis, but 

1 DuBois: “Archives of Internal Medicine,” 1912, x, 177; Coleman and Gep- 
hart: Ibid., 1915, xv, 882. : 

2 von Leyden and Klemperer: “Handbuch der Emmihrungstherapie,” 1904, 
Bd. ii, p. 345. 
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rather continues on account of the epicritical elimination of 
nitrogen derived from the protein of the croupous exudate. 
During the time of this epicritical elimination the body appears . 
unable to add new protein to itself. About four days after the 
crisis true convalescence begins, with the upbuilding of new 
protein tissue. 

On autopsy of patients who have died of fevers, parenchy- 
matous and fatty degenerations of the organs have been found. 
These changes have been ascribed to overheating of the cells. 

Litten! warmed guinea-pigs artificially and noted fatty but 
no parenchymatous degeneration of the tissues. The space in 
which the animals were kept was, however, insufficiently ven- 
tilated, and the fatty change might have been caused by 
dyspnea, as results in normal animals (p. 423). 

Naunyn? observed that rabbits might be artificially warmed 
for thirteen days, so that an average body temperature of 41.5° 
was maintained without any parenchymatous or fatty degen- 
eration taking place. The animals were supplied with ample 
food, water, and a sufficient supply of air. Naunyn found 
that the red blood-cells of rabbits and dogs remained intact 
even at a body temperature of 42°. Welch? noticed fatty but 
no parenchymatous change in the tissues of rabbits after ex- 
posure to high temperature for at least a week. One rabbit 
which had been subjected to high temperature for four days 
was inoculated with the bacilli of the swine plague and died in 
thirty-six hours, showing extreme fatty changes in the heart 
and other organs. 

Ziegler? discovered degenerative changes, both parenchy- 
matous and fatty, on artificially warming rabbits. The ex- 
periment was continued in 1 case for twenty-nine days. He 
found, however, a great reduction (30 per cent. and more) in 
the quantity of hemoglobin in his rabbits. It may well be a 
question whether the fatty change noticed in the liver and 

1Litten: ‘“Virchow’s Archiv,” 1877, Ixx, 10. 
2Naunyn: “Archiv fiir ex. Path. und Pharm.,” 1884, xviii, 49. 


3 Welch: “Medical News,” 1888, lii, 403. 
4 Ziegler: ‘“Kongress fiir innere Medizin,” 1895, xiii, 345. 
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muscles was not due to anemia instead of to the hyperthermia. 
Since fatty infiltration is known to be caused by dyspnea, which 
frequently terminates life in fever, one might investigate this 
subject to see whether parenchymatous change in fever is not 
solely due to the toxins, and fatty change to the anaérobic 
cleavage of materials in the cells, which always induces fatty 
infiltration (p. 489). 

Rosenthal! states that if diphtheria toxin be administered 
to rabbits the liver is rendered incapable of retaining glyco- 
gen. There is hypoglycemia except following glucose admin- 
istration, when a hyperglycemia edaeke than that possible in 
normal animals occurs. 

Ever since the experiments of von Leyden? a retention of 
water in fever has been assumed. It has also been shown that 
there is a retention of sodium chlorid within the body. The 
intimate relation between the retention of water and salt has 
been beautifully demonstrated by Sandelowsky’ in Liithje’s 
clinic. Thus, during the period of high fever in pneumonia a 
gain in weight, a sodium chlorid retention, and a dilution of the 
organic contents of the blood usually went hand in hand. 
After the crisis, however, a loss in weight, a loss of chlorid, and 
a greater concentration of blood resulted.. Similar conditions 
were found in scarlet fever. Sandelowsky observed that when 
sodium chlorid was given to a patient convalescent from 
pneumonia it was not so readily eliminated by the kidney as 
it would have been normally. He attributed this to a dis- 
turbed renal condition which was not wholly restored to the 
normal after the crisis. This brought about sodium chlorid 
retention, which in turn caused water retention, that the nor- 
mal osmotic conditions might be preserved, thus accounting 
for the gain in body weight and the loss in the concentration 
of the blood in fever. 

It has since been shown that failure to excrete chlorid 


1 Rosenthal, F.: ‘Archiv fiir ex. Path. und Pharm.,” 1914, Ixxv, 99. 
2 von Leyden: ‘Deutsches Archiv fiir klin. Med.,” 1869, v, 273. 

3 Sandelowsky: Ibid., 1900, xcvi, 445. 

4 Oppenheimer and Reiss: Jbid., p. 464. 
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during the acute stage of the disease is almost always associ- 
ated with a concentration of sodium chlorid in the blood- 
plasma below 5.62 grams per liter, which is the normal thresh- 
hold value of excretion! (see p. 167). Hence the retention 
of sodium chlorid is not due to kidney insufficiency. 

As regards the etiology of fever, various attempts have 
been made to identify a single factor which would cause the 
high temperature. 

Krehl and Matthes? find that human urine during fever 
contains an increased quantity of albumoses which have been 
shown to possess a decidedly toxic action when introduced 
into animals. Klemperer* denies that these albumoses have 
any toxic action, and asserts that the results were due to im- 
purities in preparation. In other respects the urine has gen- 
erally been found to be of normal character. Thus, Mohr 
finds that the relation C to N in the urine is unchanged from 
the normal, which indicates that there is no qualitative change 
in the character of the general protein metabolism 

However, there is a very noteworthy record made by A. R. 
Mandel® that the rise of temperature in so-called aseptic or 
surgical fevers is accompanied by a large increase in the purin 
bases in the urine of patients fed with milk. The temperature 
rises and falls with the quantity of purin bases eliminated. 
The uric acid elimination is reduced. These relations are 
illustrated in Fig. 27—a case of resection of the knee-joint 
for tubercular arthritis. The temperatures recorded represent 
the average of observations made every three hours during 
the day. 

Another research Syaiisble in this connection is that of 
von Jaksch,® who noted that the purin bodies in the urine of 


1Snapper: “Deutsches Archiv fiir klin. eee is 1973s cxi, 429; McLean, 
“Journal of Experimental Medicine,” 1915, xxii, 

2 Krehl and Matthes: ‘Deutsches Archiv ae “linische Medizin,” 1895, 
liv, 501. 

é ; Klemperer: ‘‘Naturforscherversammlung,” 1903, 2, ii, 67. 

4Mohr: “Zeitschrift fiir klinische Medizin,” 1904, lii, 371. 

5 Mandel: “American Journal of Physiology,” 1904, x, 452. 

6 yon Jaksch: “Zeitschrift fiir klinische Medizin,” 1902, xlvii, 1. 


? 
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tuberculous patients may increase from a normal equivalent 
of 4.4 per cent. of the total nitrogen excreted, to one represent- 
ing 11.3, or even 17.39 per cent. Also Benjamin! reports a 
case of typhoid where the urine contained the large quantity 
of o.1 gram of purin bases with 0.54 gram of uric acid. Erben? 
and Leathes’ report that the output of uric acid is always in- 
creased during high fever. Erben also finds that the content 
of the urine in xanthin bases and amino-acids is greatly aug- 


TEMP. RL LeucocyTES 
103° 13,000 


102° 12,000 


RAM 


asol SEMIS | 
020 CREE 


DAYS | 
Fig. 27.—Resection z, knee-joint for tubercular arthritis. 


mented in measles and chicken-pox; and that the xanthin bases 
are also increased, though to a lesser extent, in scarlet fever 
and typhoid. Mandel has fed monkeys with bananas and 
xanthin and witnessed a rise in body temperature, and has 
noticed that if sodium salicylate be given at the same time no 


1 Benjamin: ‘Salkowski’s Festschrift,” 1904, p. 61. 

2Erben: “Zeitschrift fiir Heilkunde,” 1904, xxv, 33. 
’Leathes: ‘Journal of Physiology,” 1907, xxxv, 205. 

4 Mandel: ‘American Journal of Physiology,” 1907, xx, 439. 


METABOLISM IN FEVER 525 


rise in temperature occurs. Ott! reports that guanin, adenin, 
and hypoxanthin cause an elevation of temperature in rabbits, 
while uric acid does not. 

Mandel believes that the purin bases liberated through the 
toxic destruction of tissue may play a considerable part in 
producing the temperatures noted in fever. It is evident that 
the use of purin-free milk instead of purin-containing meat has 
its scientific justification. 

It would indeed be a most striking fact if it should be found 
that the cause of the febrile temperature lies in the effect of 
purin bases on the heat-regulating apparatus of the mid-brain 
acting through the vasomotor system. Antipyretics do not 
lower body temperature in the normal organism in man. Is 
their action merely to nullify the action of purin bases upon 
the nerve-centers? Future research alone can decide this. 
Such conjectures indicate the extraordinary field which lies 
open to the investigator in clinical medicine. 

1Ott: “The Medical Bulletin” (Medico-Chir. College), October, 1907. 


CHAPTER XIX 
PURIN METABOLISM—GOUT 


Uric acid was discovered in urinary calculi by Scheele in 
1776, and was found to be present in gouty concretions by Wol- 
laston in 1797. It has since been the subject of investigations 
almost without number, and of theoretic speculation beyond 
that of any other chemical substance described in medical 
literature. The older work concerning the excretion of uric 
acid is almost valueless on account of the inadequacy of the 
chemical methods of the times. Accurate determinations of 
uric acid date from the introduction of a new method of anal- 
ysis by Salkowski in 1882; and of allantoin by Wiechowski in 
1908. 

The newer researches are also based on more exact chemical 
knowledge of the precursors of uric acid. Much valuable in- 
formation has been gathered as regards the normal method of 
production of uric acid, although it will be seen that on the 
pathologic side there is little beyond the conjectural to reward 
the student. 

Emil Fischer! grouped together uric acid, hypoxanthin, 
xanthin, adenin, and guanin as bodies whose varying structure 
depended upon slight changes around the chemical nucleus of a 
substance called purin. Purin, according to Fischer, may 
occur in the body, but on account of its ready decomposa- 
bility, has not been discovered there. 

The relations between the purin bodies may be judged from 
the following formule: 


Paar £ oa iecaieboinouss ube oh ee ee ie ee C;HiNg 
Hypoxanthin'..v siecisote sane inet aps te tee C;H4N,O 
Xanthin eiately jee e/a) aie..o BLS isha ease wid vie; ol eiseneTers. a 4 CsH4N402 
Uric acid ee AO HO Nai ce ROP RD cart 4IN4U3 
Adenin, 3.536 5%. bcbit ene ae eed sH3 2 
Guanine ysis es eps os Od ae ee ee ee CsH;NsONH2 


1 Fischer: “Berichte der deutschen chemischen Gesellschaft,” 1899, xxxii, 
435. 
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Hypoxanthin, xanthin, and uric acid are respectively mono-, 
di-, and tri-oxypurin. Adenin is aminopurin, and guanin is 
aminohypoxanthin. It is evident that uric acid is the most 
highly oxidized product of the series, and might readily arise 
from the oxidation of hypoxanthin and xanthin. It is also ap- 
parent that by supplanting the NH: group in adenin and 
guanin by O, they would be converted into hypoxanthin and 
xanthin respectively, and that from these substances uric acid 
might arise through oxidation. 

These reactions may be thus expressed: 


eral ws << hag Piet 
Pare ae — C=0 (eae — C=O VoRe 
[| 2 | | de | jf de 
HN: = H C—NH 
ar Xanthin, Uric acid, 
amino-oxypurin. dioxypurin. trioxypurin. 
| 
N=CNH2 HN—CO 
HC C—NH — HC Nees 
seg Samo 
_< No 
ee Hypoxanthin, 
aminopurin. oxypurin. 


The deamination of guanin and adenin is accomplished by 
hydrolysis and may occur in the absence of oxygen, whereas the 
conversion of hypoxanthin into xanthin and the latter into 
uric acid are true processes of oxidation. 

The knowledge of the hydrolytic cleavage products of 
nucleic acid is derived largely from the work of Kossel,! who 
added adenin, cytosin, and thymin to chemical literature. 

The formulz of the three pyrimidin bases—uracil, cytosin, 
and thymin—are as follows: 


HN—CO y = Tae ee 
ey i ie ri os CCH; 
ae HN—CH HN—CH 
Uracil. Cytosin. Thymin. 


1¥or the extensive literature on this subject consult the valuable mono- 
graph of Walter Jones, ‘Nucleic Acids,” London, 1914. 


528 SCIENCE OF NUTRITION 


Kossel and Steudel' point out the fact that purin bases 
contain the pyrimidin nucleus, and that cytosin, for example, 
needs only cyanic acid, CONH, and an atom of oxygen to 
convert it into uric acid. 

They query whether the pyrimidin bases are precursors or 
metabolized products of the purins, but the question is still 
unsettled.? 

Mendel and Myers?’ report that the pyrimidin bases, when 
administered intravenously or per os, reappear in the urine 
unchanged without increasing either the purin or the urea 
output. However, when nucleic acids containing pyrimidin 
bases are administered, the bases are-not found in the urine. 
The pathway of their disintegration is uncertain. 

Kossel’s work presents the following substances as charac- 
teristic cleavage products of animal and vegetable nucleic 
acids: 


ANIMAL. : VEGETABLE. 
Thymus nucleic acid: Yeast nucleic acid: 
Phosphoric acid Phosphoric acid 
Guanin Guanin 
Adenin Adenin 
Cytosin Cytosin 
Thymin ~ Uracil 
Hexose Pentose 


Bang? extracted from the pancreas a nucleic acid containing 
phosphoric acid, a pentose and guanin, which compound he 
called “guanylic acid.”” The presence of a pentose in animal 
nucleic acid is an anomaly. Levene and Jacobs® discovered 
the formula of guanylic acid, and solved the long-sought prob- 


1 Kossel and Steudel: ‘Zeitschrift fiir physiologische Chemie,” 1903, 
XXXViii, 40. 

2 Consult Abderhalden: “Lehrbuch der physiologischen Chemie,” 1909, p. 
381. 

3 Mendel and Myers, V. C.: “American Journal of Physiology,” 1910, xxvi, 

77: 

4Bang: “Zeitschrift fiir physiologische Chemie,’’ 1898-99, xxvi, 133- 

5 Levene and Jacobs: ‘Ber. d.d. chem. Ges.,” 1909, xlii, 2469; “Journal 
of Biological Chemistry,” 1912, xii, 421. 


PURIN METABOLISM—GOUT 529 


lem of the composition of nucleic acid. They submitted 

guanylic acid to neutral hydrolysis under pressure, which re- 

moved phosphoric acid and left a substance (guanosin) which 

readily broke up on acid hydrolysis into d-ribose and guanin. 
These two hydrolyses may thus be written: 


HO. 
O — PO—C;H3:0;—C;H.N;O + H,0 = H3PO, fe CsH»O.,—C;H4N;O 
HO WA Guanylic acid. Guanosin. 
C;H,s0.—C;H4N;O + H,0 a C;H 1005 + C;H;N 50 
Guanosin. d-Ribose. Guanin. 


Guanylic acid is a monobasic nucleotid which yields on 
cleavage phosphoric acid and the nucleosid, guanosin. 

The more complicated nucleic acids are polymers of 
nucleotids. Thus, Levene and Jacobs! give the following 
formula for animal nucleic acid: 


HO, 
O — PO—C,;HwO.—C;H4N;O 
vA Guanin group. 
O 
HON. | 
O=PO—C,;Hs02—C;H;N202 
HO/ | Thymin group. 
O 
HO’. 
Oo = PO—C,;H30:—C,H.N:O 
HO/ | Cytosin group. 
O 


‘ 
Oo = PO—C,Hi.0,—C sHiNs 
HO 


Adenin group. 


Levene and Medigreceanu? found that animal ferments 
have the power of hydrolytic cleavage over nucleic acid. 
Thus, pancreatic juice or intestinal juice through nucleinase 
(x) causes the resolution of a polynucleotid into mononucleotids. 
Animal tissues were also found to contain a similar ferment. 
Extracts of the mucosa of the intestine contained nucleotidase 


? 


1 Levene and Jacobs: “Journal of Biological Chemistry,” 1912, xii, 411. 


2Levene and Medigreceanu: Jbid., 1911, ix, 389. 
34 
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(2) which splits the nucleotids into phosphoric acid and nucleo- 
sids. The pyrimidin nucleosids are not further acted upon, 
but the purin nucleosids are broken up by nucleosidase (3) 
into their constituent carbohydrate and purin groups. The 
kidney, heart muscle, and liver contain all the above-named 
enzymes, and are, therefore, capable of demolishing the com- 
plex molecule of nucleic acid. 

The enzyme nucleinase which breaks the polynucleotid 
complex of nucleic acid may not act as a simple unit. Thus, 
Jones and Richards! found that when the tetranucleotid, yeast 
nucleic acid, was mixed with pigs’ pancreas it is split into two 
dinucleotids; one containing the guanin and cytosin groups, 
the other, the adenin and uracil groups. Not only this, but 
Thannhauser? found that after digesting yeast nucleic acid 
with human duodenal juice, the nucleotid containing uracil 
was split off and there remained a trinucleotid containing 
guanin, adenin, and cytosin. Various places of attack are 
therefore open. 

Selecting the nucleotids forming yeast nucleic acid, one 
may present this summary of their transformation: 


Nucleotids minus H3PO4 = Nucleosids minus d-ribose = Bases. 


Adenylic acid —— Adenosin - é —— Adenin 
Guanylic acid —— Guanosin —> Guanin 
Cytodin-nucleotid —— Cytidin —> Cytosin 
Uridin-nucleotid — Unidin —— Uracil 


This is the simplest picture of the transformations which 
take place. Amberg and Jones’ have shown that the deamin- 
izing enzymes (see p. 531) may convert guanosin into xanthosin, 
which yields xanthin on hydrolysis, or convert adenosin into 
inosin, which yields hypoxanthin on hydrolysis. 

Jones (“Nucleic Acids,” p. 77) presents the following 
scheme of the methods of breakdown of a guanin-adenin 
dinucleotid: 

1 Jones and Richards: ‘Journal of Biological Chemistry,” 1914, xvii, 71. 

*’'Thannhauser: ‘Zeitschrift fiir physiologische Chemie,” 1914, xci, 320; 


IQI5, XCV, 250. 
3 Amberg and Jones: Jbid., 1911, Ixxiii, 407. 
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HH 
Jig 
O=P-0 0 gHig Oy «OgMgX0H 
cs a 
O=P-0.CsHg0g -CeNaCMH 


OH 
Nucleic Acid 


MH H H 
Puig 4 2 fy Z 

ie -CeNy~ CeHo04-CaNg-NHo  C.oN4gH<NH 
Gp¥ gon C5Hg04 omen 5H904-C5 ane Mae 2 


Guanin <——— Guanosin Adenosin ——-»Adenin 


C-HoO4-C-N4-0H C,Ho04-C.N,-OH 
5904 slat Bilg04+CgN4c0 


Xanthosin Inosin 
OH OH i 
CoNgH<0H C,N4H<0H C.N4H<OH 
ouaBOe lla oo v7 
Uric Acid 4———. Xanthin A12 ee ae Hypoxanthin 


Horbaczewski! was the first to note that the ingestion of 
nucleoproteins largely increased the uric acid in the urine. 
Food free from nucleoproteins has not this effect. He also 
found that if fresh spleen pulp, which contains no uncombined 
purin bases, be permitted to putrefy, xanthin and hypoxan- 
thin made their appearance. If now the pulp was shaken in 
the air, uric acid was formed from the oxidation of the bases. 

Spitzer? found that when air was passed through aqueous 
extracts of spleen and liver digested at 40°, and with exclusion 
of putrefaction, uric acid was produced. The quantity of 
purin bases present decreased with the increased formation 
of uric acid. Purin bases added to such a digest were converted 
into uric acid, hypoxanthin, and xanthin readily and almost 
completely, and guanin and adenin with greater difficulty. 
This work established the presence of oxidizing enzymes, the 

1 Horbaczewski: ‘“Sitzungsberichte der Wiener Academie der Wissen- 


schaft,” 1891, c, Abth. iii, p. 13. ; 
2 Spitzer: “Pfliiger’s Archiv,” 1899, Ixxvi, 192. 
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xanthin oxidases, which could act on the purin bases in the 
organism, converting them into uric acid. 

Minkowski! has shown that if a man be given hypoxanthin 
the quantity of uric acid increases in his urine. He also showed 
that if a man ingest thymus gland, the nuclein of which yields 
principally adenin, the amount of uric acid is increased in the 
urine. If the thymus be given to a dog, the uric acid plus 
allantoin elimination is increased. Allantoin is an oxidation 
product of uric acid more frequently found in dogs’ than in 
human urine. Minkowski discovered finally that adenin 
when administered to a dog did not increase the uric acid 
elimination, and was not excreted as such, but on autopsy of 
the dog the uriniferous tubules were found to contain crystals 
the chemical structure of which showed them to be aminodi- 
oxypurin. In other words, adenin administered combined in 
nucleic acid loses its amino (NH) group, receives three atoms 
of oxygen, and is thereby converted into uric acid; adenin ad- 
ministered as such receives two atoms of oxygen, but does not 
lose its NH: group at the point for the attachment of the third 
atom of oxygen. This work attests a varying behavior of 
purin bodies in accordance with their method of chemical 
union with other substances, and offers a suggestive key to | 
certain relations observed in gout (p. 546). 

When theophyllin, caffein, and theobromin, the methylated 
purins found in tea, coffee, and cocoa, are ingested it has been 
stated that they are not oxidized to uric acid, but that they 
increase the purin bases in the urine. However, both Levin- 
thal® and Stanley Benedict! have found the uric acid elimina- 
tion to increase in man after the ingestion of 1 to 1.5 gram of 
caffein daily. 

The original investigations of Horbaczewski have been 
considerably extended by Schittenhelm and notably by 


1 Minkowski: “Archiv fiir ex. Path. und Pharm.,” 1898, xli, 375. f 
2 Kriiger and Schmid: “Zeitschrift fiir physiologische Chemie,”’ 1901, xxxii, 
104. 
3 Levinthal: [bid., 1912, Ixxvii, 250. 
4 Benedict, S. R.: “The Harvey Lectures,” 1915-16. 
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Walter Jones, especially in regard to their explanation 
along lines of enzymotic activity. 

Jones and Partridge! find that although the great majority 
of the organs of the body, when self-digested at 40° (autolysis), 
convert guanin and adenin into xanthin and hypoxanthin, 
presumably through the action of enzymes, extracts of the 
spleen of the pig cannot convert guanin into xanthin, although 
they can convert adenin into hypoxanthin. Jones therefore 
concludes that an enzyme, guanase, which normally removes 
the NH; group and replaces it with O, is wanting in the pig’s 
spleen, while adenase, the enzyme acting on adenin in a similar 
fashion, is present there. Such a reaction would read: 


C;H3N4NH2 + H.O = C;H;H;O a NH; 
Adenin. Hypoxanthin. 


Investigating the subject further, the authors found that the 
pancreas contained the enzyme, guanase, which converts 
guanin into xanthin. 

The behavior of the livers of different animals has been 
investigated by Jones and Austrian.? In cattle livers, for ex- 
ample, adenase, guanase, and xanthin oxidase are present, 
whereas in dog livers guanase is present, adenase occurs in 
traces only, and no xanthin oxidase whatever has been found. 
Hence cattle livers may form uric acid from adenin and guanin, 
while dog livers only convert guanin into xanthin and the other 
processes are arrested. The process is thus graphically repre- 
sented: 


Carrie Livers. ~ Doc Livers. 
Guanin. Adenin. Guanin. Adenin. 

| @ 2 | @ o 
Fa a | a a 
E g 
ss ao] | s | ba! 

[ed <= oO | <x 

+ ? 

Uric Acid——Xanthine——Hypoxanthin. Uric Acid_______. Xanthin._____ Hypoxanthin. 
Xanthin oxidase present. Xanthin oxidase and adenase absent. 


1 Jones and Partridge: “Zeitschrift fiir physiol. Chemie,” 1904, xlii, 343; 
see also Levene, “American Journal of Physiology,” 1904, xii, 276. : 

2 Jones and Austrian: “Zeitschrift fiir physiologische Chemie,” 1906, xlviii, 
II0. 
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Furthermore these authors find that the guanase is absent 
from pigs’ livers, while adenase and xanthin oxidase are pres- 
ent. It is interesting that Mendel and Mitchell! have found 
in the liver of the embryo pig at an early age the same specific 
enzymes as characterize the liver of the adult animal. There 
was, however, a considerable delay in the appearance of the 
enzyme which oxidizes uric acid (see below). It is a curious 
phenomenon that pigs suffer from guanin gout. Their normal 
urines contain not only uric acid,? but also large amounts of 
purin bases.* The organs of the pig are deficient in guanase.* 

Schittenhelm! reports that human livers have the power to 
form uric acid from added purins, and he believes that the 
power to oxidize uric acid exists. 

Lauder Brunton® says that Stockvis, of Amsterdam, in 
1860 found that crushed tissue had the power to destroy uric 
acid. This question has recently come into prominence and 
it has been shown that different organs have different powers 
in this regard, and that the same organ in animals of different 
species may behave quite differently. 

Wiener’ showed that dog’s liver and pig’s liver destroyed 
uric acid, whereas calf’s liver had less power to do so, or none 
at all. The kidney pulp of various animals also destroyed 
uric acid. 

Schittenhelm® finds that in cattle the spleen, lungs, liver, 
intestine, and kidney have the power of converting purin bases 
into uric acid in the presence of a constant oxygen supply. 
He finds a complete transformation of adenin, as follows: 
adenin, hypoxanthin, xanthin, uric acid. Guanin in like man- 
ner becomes xanthin and this again is converted into uric acid. 


1 Mendel and Mitchell: “American Journal of Physiology,” 1907, xx, 97. 

2 Schittenhelm and Bendix: ‘Zeitschrift fiir physiologische Chemie,” 1906, 
xlviii, 140. 

3 Mendel and Lyman: “Journal of Biological Chemistry,” 1910, viii, 115. 

4 Jones and Austrian: ‘Zeitschrift fiir physiologische Chemie,” 1906, xlviii, 
110. 
5 Kiinzel and Schittenhelm: ‘Zentralblatt fiir Stoffwechsel,” 1908, iii, 721. 
6 Lauder Brunton: ‘“Centralblatt fiir Physiologie,” 1905, xix, 5. 
7 Wiener: “Archiv fiir exp. Path. und Pharm.,’’ 1899, xlii, 375. 
8 Schittenhelm: ‘Zeitschrift fiir physiologische Chemie,” 1905, xlv, 145. 
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He finds also that extracts of the spleen, intestines, and lungs 
have no power to destroy uric acid as formed within them, but 
that the kidney, muscle, and liver extracts possess the power 
to destroy the new-formed uric acid. 

It is only recently that evidence has accumulated to show 
that the long believed physiologic oxidation of uric acid with 
the production of urea is impossible. To understand the sub- 
ject it is necessary to consider the significance of allantoin 
which was first discovered by Wohler in cows’ urine in 1840. 
Salkowski! reported that the allantoin excretion increased in 
dogs after the administration of uricacid. The transformation 
of uric acid into allantoin takes place after the following re- 


action: 
HN——CO te H.0 er eats te 


CO ..C=NE CO HN 

| || >co — | co + CO, 
HNC Nee 0; HN=—CH—NH 

Uric acid. Allantoin. . 


Cohn? gave large amounts of thymus to a dog and found 
that the excretion of allantoin was greatly increased, though 
this did not happen in man, and experiments by Minkowski,’ 
performed during the same year, showed that when hypo- 
xanthin was fed to a dog 77 per cent. of it appeared in the 
urine as allantoin, while 4 per cent. was eliminated as uric acid. 
Mendel and White‘ found that allantoin was eliminated in the 
urine of cats and dogs after the intravenous administration of 
urates. . 

It was long believed that allantoin was an intermediary 
product of the oxidation of uric acid. It is due to Wiechowski 
that the subject has become clarified. Wiechowski> found 
that uric acid digested with the pulp of dog’s liver was oxidized 
completely to allantoin and no further, and also that uric 

1 Salkowski: “Ber. d. d. chem. Ges.,’’ 1876, ix, 7109. 

2Cohn: “Zeitschrift fiir physiologische Chemie,” 1898, xxv, 507. 

3 Minkowski: “Archiv fiir exp. Path. und Pharm.,” 1898, xli, 375. 


4 Mendel and White: “American Journal of Physiology,” 1904-5, xii, 85. 
5 Wiechowski: ‘Hofmeister’s Beitriige,” 1907, ix, 295; 1908, x1, 109. 
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acid injected subcutaneously into a dog was almost completely 
eliminated as allantoin in the urine. These results were de- 
pendent upon the accurate method for the determination of 
allantoin which had been devised by the experimenter. It is 
evident, therefore, that the oxidizing enzyme uricase, which 
acts upon uric acid, carries its destructive power only as far as 
the production of allantoin, which is the end-product of purin 
oxidation. 

An experiment! made many years ago demonstrated that 
if an Eck fistula, which excludes the portal blood from the 
liver, be created in a dog, uric acid appears in increased 
quantity in the urine. The interpretation long placed upon 
this was that in the absence of the liver uric acid was 
not oxidized. Repeating this experiment, Abderhalden, 
London, and Schittenhelm? found that the increase in uric 
acid elimination was compensated for by a decrease in allan- 
toin excretion. The percentage values, contrasted with those 
in normal dogs’ urine as established by Wiechowski, were as 
follows: 


Eck Fistuta. NorMAL, 
Allantoint 28774. eee ee en eae 74-87 04-97 
Uric. acid HA ee eee re ae 12- 8 2-4 
Puri bases. von oe oe nace Oa oe I- 2 I- 2 


It is evident that the liver is not the only organ in which 
uricase converts uric acid into allantoin. 

Wiechowski found that the allantoin excretion of the cat 
followed the same laws as obtain in the dog, and Hunter and 
Givens’ report that the extent and behavior of the allantoin 
excretion of the Wyoming coyote is practically identical with 
that of the dog. 

Hunter and Givens‘ state that the excretion of purin 
bases in the monkey greatly exceeds the elimination of uric 


1 Hahn, Massen, Nencki, and Pawlow: “Archiv fiir exp. Path. und Pharm.,” 
1893, XXxli, IQI. 

* Abderhalden, London, and Schittenhelm: “Zeitschrift fiir physiologische 
Chemie,” 1909, Ixi, 413. 

’ Hunter and Givens: “Journal of Biological Chemistry,” 1910-11, viii, 440. 

4 Hunter and Givens: Jbid., 1914, xvii, 37. 
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acid, a condition which also appears in the horse, sheep, pig, 
and goat. For the monkey the percentage figures are: 


Per CENT. Purin N. 


LUE Loue: Ys fc I Ss ae ar eRe PEs ot Ge Reamer 7- 8 
Al antoin to, . setter ere eh soe ey: woe pees, Lt 67 
PUTIN bases A erty es a eae ee oi, 25-26 


When allantoin was given subcutaneously to the monkey 
75 to go per cent. was recovered in the urine. 

Hunter and Givens! present the following table showing 
the relative purin content in the urines of various species of 
animals: 


PER CENT. OF PURIN—ALLANTOIN NITROGEN. 
ORDER AND SPECIES. 
Allantoin. | Uric acid. Bases. 

Marsupialia: 

C\POSUNTasas. ot aa aie ceri 76.0 19.0 6.0 
Rodentia: 

CEOINCA-DI ieee ues bier eee QI. 6.0 3.0 

| SE ee EE EONS Ty 8: 0,8 03-7 oy 2.7 
Ungulata: 

SHEED aaeterake ici spstels sie. «(Che Sabaeaeters 64.0 16.0 20.0 

GOAt He ard Noah adie ate eR 81.0 7.0 12.0 

COW teeters iex ee ae een 92.1 7.3 0.7 

IOTSGr alae. cde io he, s ee oe 88.0 12.0 0.5 

PI Pate satlss sels «ee 92.3 1.8 5.8 
Carnivora: 

IRBECCOOM Toast Feeacte 3 oar Neeiaetea Ps 92.6 5.4 2.0 

Badgetoass 20. s.a/.is See a 96.9 1.9 D2 

DOD Stee sa As ye oe 2102 oe 97.1 1.9 1.3 

Coyote Franco). sos eee 95.6 2.6 1.8 
Primates: 

(Monk yaeec omicc. an noe rer tss 66.0 8.0 26.0 

DES Se aeel  Raareh dase riers Aten: Sere 2.0 90.0 8.0 


An extraordinary exception to the rule of oxidation of 
uric acid to allantoin in the dog was discovered by Stanley 
Benedict? to be characteristic of the Dalmatian hound, or 
spotted coach dog. The urines of these dogs contain large 
amounts of uric acid. When uric acid is administered sub- 
cutaneously it is completely eliminated in the urine instead of 


1 Hunter and Givens: “Journal of Biological Chemistry,” 1914, xviii, 403. 
2 Benedict, S. R.: “The Harvey Lectures,” 1915-16. 
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being oxidized to allantoin, as would happen ordinarily in the 
dog. This is a peculiar racial anomaly. 

The urine of man is almost free from allantoin and the 
10 to 15 milligrams which Wiechowski found therein may be 
accounted for as originating from traces of the substance found 
in common foods.! 

Loewi’? showed that the ingestion of the same amount of 
nucleoprotein-containing food by different people resulted in 
the excretion of the same increased quantity of uric acid in the 
urine, and he surmised that the uric acid which was produced 
in the human being was not oxidized. Confirmation of this 
idea was given by the discovery of Soetbeer and Ibrahim? 
that the subcutaneous injection of uric acid in man led to its 
complete elimination in the urine. 

For a long time this viewpoint was overshadowed by ex- 
periments which showed only a moderate recovery of uric acid 
in the urine when purin bases in measured quantities were 
given to human beings. These results, which were interpreted 
to be due to the oxidation of the purins through the uric acid 
stage, are now attributed to their non-absorption or their 
putrefaction in the intestinal tract. 

Wiechowski! found that allantoin injected subcutaneously 
is completely eliminated in human urine, which is normally free 
from it. He also found that human tissues have no power to 
oxidize uric acid; it can always be completely recovered. 
Therefore the human organism lacks the enzyme uricase. 

In concordance with these results Umber and Retzlaff® 
find that if uric acid be dissolved in piperazin and be injected 
into a healthy human being, between 80 and g5 per cent. may 
be recovered in the urine; also Levinthal® injected 1 gram of 


1 Ackroyd: ‘Biochemical Journal,” 1911, v, 400. 

2 Loewi: ‘Archiv fiir exp. Path. und Pharm.,” 1900, xliv, 1. 

3 Soetbeer and Ibrahim: “Zeitschrift fiir physiologische Chemie,” 1902, 
XXV, ON; 

4 Wiechowski: ‘Archiv fiir exp. Path. und Pharm.,” 1909, Ix, 185. 

5 Umber and Retzlaff: “Verhandlungen des 27ten Congresses fiir innere 
Medizin,” 1910, Sec. III, p. 436. 

6 Levinthal: “Zeitschrift fiir physiologische Chemie,’’ 1912, Ixxvii, 259. 
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xanthin dissolved in piperazin into the vein of a healthy 
human subject, and concluded that, in all probability, all the 
xanthin which reached the metabolic circulation was com- 
pletely eliminated without the rupture of the purin nucleus, the 
larger part being oxidized to uric acid and only a smail re- 
mainder passing unchanged through the organism. 

Finally, the experiments of Thannhauser and Bommes! 
deserve attention. When adenosin and guanosin were admin- 
istered subcutaneously to normal men, between 75 and 82 
per cent. of the purin bases contained in them were eliminated 
in the urine of the following twenty-four to forty-eight hours 
in the form of uric acid. These water-soluble purin-glucosids, 
adenosin and guanosin, are undoubtedly intermediary metabo- 
lites of nucleic acids. 

The synthetic origin of purins in metabolism has been 
recognized since the work of Miescher (see p. 82). Kossel? 
showed that purins developed in the incubated egg, which 
when newly laid is free from them (see also p. 371). 

It has been made clear that in mammals the purins may be 
derived from ingested nucleoproteins, but this cannot be the 
only source, since purins are found in the urine during star- 
vation and on a diet free from purins. This indicates a con- 
stant production of these substances in metabolism. Uric 
acid and purin bases from this source have been termed endog- 
enous by Burian and Schur, in contradistinction to those which 
are eliminated after the ingestion of nuclein-containing food, 
which are called exogenous. 

Burian and Schur? also established the fact that while the 
endogenous uric acid elimination varied between 0.3 and 0.6 
gram daily, according to the individual, it did not vary in 
the same individual, but was a constant factor in his metabo- 
lism. 

A purin-free diet is obtained by giving such articles of food 

A pene and Bommes: “Zeitschrift fiir physiologische Chemie,” 1914, 
xci, 33 


2 Kossel: Ibid. 1886, x, 248. 
8 Burian and Schur: ‘Paiger’ s Archiv,” 1901, Ixxxvii, 230. 
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as milk, eggs, bread, potatoes, fats, and sugars, none of which 
contain nuclear material which forms exogenous purins in the 
body. Burian and Schur found that on such a diet the uric 
acid elimination was entirely independent of the quantity of 
protein ingested. It has been demonstrated by Rockwood! 
that the endogenous uric acid elimination is independent of the 
calorific value of the diet. Addition of 500 calories contained 
in maple sugar to a diet containing 2500 calories did not affect 
the excretion of uric acid. Rockwood’s experiments extended 
over a long period of time. His individuals were nourished on 
milk, eggs, white bread, crackers, cheese, apples, and butter. 
The constancy of the uric acid output in the same individual is 
seen in the following table—in one case the record covering 
nearly a year: 

TABLE SHOWING THE CONSTANCY OF THE DAILY ENDOG- 


ENOUS URIC ACID EXCRETION IN THE SAME INDIVIDUAL 
(TWO SUBJECTS) 


Person A. DATE, 1903. URINE N IN GRAMS. Uric Acip, GRAMS. 
January,.2 hace ieee cers 11.99 0.308 
February...... PES At cs 3 11.58 0.305 
Ma rchincn te cat eek ane nomen DIS 0.315 
May ai eeiestherattet ao Liles Ree ade 12.63 0.321 
s[tly-Peae. cree trenamen rein teats 12.68 0.313 
November tne epee ee 9.99 0.208 

PERSON, Bs) SJ anuaryseere pone eerie ee 13.41 0.478 
March..... re MUN a Sebi Seer .02 0.452 


This total shows the constancy of the output of endogenous 
uric acid in the same individual during a long period. Here 
the difference in the behavior of two individuals may be 
ascribed to a personal idiosyncrasy as regards the capacity of 
producing uric acid. From the record of Chittenden’s? experi- 
ments, which covered a period of twenty-one months, it may 
be observed that a very low protein diet and moderate intake 
of food were without effect on the output of uric acid. 

The source of the endogenous purins has been the cause of 
considerable speculation. In birds there is a large synthetic 


1 Rockwood: “American Journal of Physiology,’’ 1904, xii, 38. 
2 Chittenden: “Physiological Economy in Nutrition,” 1904, p. 24. 
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production of uric acid in the liver, for Minkowski! has shown 
that extirpation of the liver in geese leads to a replacement of 
uric acid by ammonia and lactic acid in the urine. The 


following analyses? give an idea of the composition of the urine 
of birds: 


Ducx’s URINE. Fowt’s URINE. 


(Total N = ees gm.) (Total N = 0.759 gm.) 
Per Cen’ Per Cent. 


LACT eVit ENGR <i aioe on Ae Cel 3.20 1.49 

Ue ee oh Genie ones 4.19 0.99 

Unicactdic ee Prsacee ee snc 77.88 85.86 

JEM GUISs Pee a crak nina TaN IB ET 0.53 1.69 

ColloidalliNesss st ee ions 4.00 

Amino-acid wom anserae ae meee 2.71 2.52 
SUnknownreecnsranc ae 7.40 7.45 

100.00 100.00 


‘The method of the synthetic production of purins is en- 
tirely conjectural. 

Ingestion of pyrimidin bases (p. 528) has failed to yield 
purins in the organism.* 

Burian‘ has investigated the source of the endogenous pu- 
rins and comes to the conclusion that only a small part of 
the endogenous uric acid arises from the nucleoproteins of 
cellular tissue or those of dead leukocytes. It would require 
too large a destruction of tissue to provide from 0.3 to 0.6 gram 
uric acid or 0.1 to 0.2. gram purin nitrogen daily in the urine if 
it all arose from cell nuclein. 

Burian and Schur’s’ analyses, showing the content of purin 
nitrogen in various tissues, are given below: 


TABLE SHOWING THE QUANTITY OF PURIN N CONTAINED. IN 
100 GRAMS OF DIFFERENT ANIMAL TISSUES 


Torta Purin N. N In FREE PurIN BASEs. 
IMGALT Reena Leite et tres aera: 0.06 0.045 
PR YBAUSH orate ngeris ve Rersapiee Kicks 0.45 0.05 
OEE ICR, an neces ict ariel cee 0.12 0.033 
Calts smlecnsemaater peraae sa ket steiec 0.16 0.046 


: Minkowski and Naunyn: “Archiv fiir experimentelle Path. und Pharm.,” 
1886, xxi, 41. 

2 Szalagyi and Kriwuscha: ‘‘Biochemische Zeitschrift,” 1914, Ixvi, 126. 

3Steudel: ‘Zeitschrift fiir physiologische Chemie,” 1903, xxxix, 136. 

4 Burian: [bid., 1905, xliii, 532. 

5 Burian and Schur: “Pfliiger’s Archiv,’ ” 1900, Ixxx, 308. 
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To obtain the amount of endogenous uric acid present in 


/ the urine, if it were produced by the destruction of nucleo- 


proteins, it would be necessary to destroy completely a quan- 
tity of nucleoprotein equal to that contained in more than 
roo grams of liver. It does not seem possible that nuclein de- 
struction or nuclein metabolism could reach this extent. 

Burian concludes that in the resting muscle there is a con- 
stant production of hypoxanthin which is converted into uric 
acid through the activity of the xanthin oxidase. In the active 
muscle there is a greater production of hypoxanthin which is 
not completely oxidized on account of a local oxygen de- 
ficiency. 

It had been found by many previous observers that exercise 
has no effect on the purin excretion in the urine of twenty-four 
hours in man. Burian, however, finds a large increase in the 
purin elimination for an hour or two after severe muscular 
exercise, and this is followed by a compensatory reduction in 
the output during those subsequent hours which represent the 
interval of weariness in the muscle. 

These observations were confirmed by the work of Rock- 
wood,! who saw that the purin excretion was less during the 
night than during the day, and by the work of Pfeil,? who found 
a constant morning rise in the output of purins in human 
urine. 

These facts confirm Burian’s contention that the most gen- 
eral source of endogenous purins is a constant production 
of hypoxanthin in muscle, a production which varies with the 
individual and is possibly proportional to the mass of his mus- 
culature. Comparable to this is the constant production of 
creatinin (p. 209). Such of the purin bases as escape oxida- 
tion may be excreted by the blood flowing through the kidney 
even as uric acid is excreted under the same circumstances. 

Sivén® does not believe that muscular work appreciably 
raises the production of endogenous purins. He thinks that 


1 Rockwood: Loc. cit. 
2 Pfeil: “Zeitschrift fiir physiologische Chemie,” 1904, xl, 1. 
3 Sivén: Abstract in “Zentralblatt fiir Stoffwechsel,” 1906, i, 81. 
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the reduction in purin elimination during the night time is due 
to general inactivity of all the tissues, and shows that when an 
evening meal containing much protein is taken and the kidney 
is made thereby to functionate during the night, then the purin 
elimination is increased. Burian’s discovery of increased 
elimination during work was perhaps due to the fact that the 
work was accomplished during the morning hours, when an in- 
creased elimination due to purins retained during the night 
would normally occur. 

Mendel and Brown! have determined the hourly excretion 
of uric acid as influenced by the ingestion of meat, liver, and 
other animal tissues. The increase in the eliminated uric acid 
is very marked and reaches a maximum two or three hours 
after the ingestion of these animal tissues. Thus after the . 
ingestion of 600 grams of chopped meat the uric acid elimina- 
tion, which had been 19 milligrams, rose during the following 
three hourly periods to 28, 88, and 98 milligrams, and then 
fell in successive hours to 79, 73, 51, 36, 25, and 22 milligrams. 
It will be seen later that such curves of exogenous uric acid 
excretion do not occur in the gouty patient in whom there is 
uric acid retention (see p. 548). 

The recent studies of Stanley Benedict? concerning the 
uric-acid content of the blood have brought to light some new 
and important facts. Fowl’s blood had heretofore been ac- 
counted much richer in uric acid than ox blood. Benedict 
finds this to be true only of the blood-serum, which in the fowl 
contains uric acid which circulates uncombined, whereas the 
blood-serum of the ox is almost entirely free from uric acid. 
Considered as a whole, however, ox blood yields 0.50 milli- 
gram of uncombined uric acid in 100 c.c. of blood.. This is 
the amount which had been previously reported, but after 
hydrolysis 6.7 milligrams of uric acid were isolated and identi- 
fied. This is entirely contained in the corpuscles and amounts 
to 50 per cent. more than the uric acid content of chickens’ 


1 Mendel and Brown: “Journal of the American Medical Association,” 
1907, xlix, 896. ee oe : 
2 Benedict, S. R.: “Journal of Biological Chemistry,” 1915, xx, 633. 
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blood. These results throw additional light upon Minkowski’s 
conception of the nature of gout, soon to be considered. 


The subject of gout is one of the most baffling in the liter- 
ature of metabolism. Despite the brilliant work upon the 
purins during the last ten years, work which has been illumi- 
nated by the discovery of the formula of nucleic acid by 
Levene, the nature of gout remains as much of a mystery as 
ever. 

Just as the whole trouble in diabetes turns upon the in- 
ability of the organism to destroy sugar, so the symptoms 
manifested in gout are dependent upon the deposit of acid 
urate of sodium in certain localities. One of the earliest de- 
scriptions of gout comes from Sydenham, who suffered for 
forty years from the disease and published an extended account 
of it in 1683. It was Garrod! who first established the fact 
that uric acid was present in the blood of gouty persons. He 
believed that this excess of urate was the cause of gout, the 
excess being deposited from the blood in the joints in the form 
of crystals. The problem of metabolism in gout is a problem 
of the factors entering into the cause of this deposit of urate. 
The general metabolism, exclusive of the purin factor, is ex- 
actly the same as in health. Magnus-Levy? proved that the 
oxygen absorption and carbon dioxid elimination is the same 
in gout asin health. The cause of the trouble must be sought 
elsewhere than in a reduced general oxidation power of the 
tissues. 

Clinical experience teaches that the predisposing causes are 
excessive eating, little muscular exercise, the abuse of alcoholic 
beverages, and lead-poisoning. 

Beebe’ has administered alcohol in various forms to a 
normal individual. He finds that even large doses have no 

1 Garrod: ‘The Nature and Treatment of Gout,” 1859. 


2 Magnus-Levy: ‘Berliner klinische Wochenschrift,” 1896, xxxiii, 416. 
3 Beebe: ‘American Journal of Physiology,” 1904, xii, 13. 
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effect on the hourly excretion of uric acid in a fasting man. 
The endogenous purin metabolism is therefore unchanged by 
the ingestion of alcohol. It is important to know that alcohol 
is apparently without effect upon such part of the purins as 
may be directly derived from cell metabolism. Further in- 
vestigation of this subject by Landau! has revealed the fact 
that the influence of alcohol is different in different individuals, 
and that usually there is a slight increase in the output of en- 
dogenous purins after taking alcohol. Mendel and Hilditch? 
report the same results. Administration of alcohol equal to 
500 calories, together with a purin-free diet, to a man pre- 
viously unaccustomed to alcohol caused a slight decrease in the 
elimination of nitrogen and a slight increase in that of uric acid. 
Otherwise the urinary analysis showed little or no change, 
even when alcohol was administered for weeks. 

Pollak’ has shown that in chronic alcoholics the retention 
of ingested purins is favored. 

Minkowski, with a master hand, summarized modern 
knowledge concerning gout as follows: 

1. The deposit of urate in the tissues is the first change 
which takes place in the formation of the specific gouty nodules. 
These tissues are not necrotic, as taught by Ebstein. 

2. The tissue changes in the vicinity of the gouty nodules 
are in part due to mechanical, in part to chemical or osmotic, 
action, caused by the precipitated urates. 

3. The acute inflammation in gout, as observed during the 
attack, is produced in the vicinity of the urate deposits through 
some unknown cause. Traumatic, toxic, or infectious ele- 
ments appear to be collectivély active in this regard. The 
attack probably constitutes the reaction of the organism 
to rid itself of uric acid, an effect which is only partly 
realized. 


1Landau: “Deutsches Archiv fiir klinische Medizin,” 1909, xcv, 280. 
2 Mendel and Hilditch: “American Journal of Physiology,” 1910-11, xxvii, 


® Pollak: ‘Deutsches Archiv fiir klin. Med.,” 1906, Ixxxviii, 224. 
4 Minkowski: von Leyden’s “Handbuch der Ernaihrungstherapie,” 1904, 


li, p. 277. 
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4. An accumulation of uric acid in the blood is a constant 
accompaniment of gout. 

5. The increased quantity of uric acid in the blood must not 
be considered as the cause of the precipitation of urates in the 
gouty nodules. There must be certain local influences which 
favor the deposit of urates; for Klemperer has shown that the 
blood of gouty patients may dissolve much more uric acid than 
is actually present in it; and again, the blood in leukemia may 
contain as much uric acid as in gout, without there being any 
indication of a deposit of urate. 

6. The uric acid elimination is the same in the gouty as in 
the normal person, except at the time of the attack. Before 
the attack there is retention, but during and after the attack 
an increased excretion of uric acid in the urine. 

7. The accumulation of uric acid in the blood is not due to 
a diminished oxidation of uric acid, but rather to a diminution 
in the quantity excreted in the urine. 

8. It is not certain that the lessened excretion of uric acid 
is due to a disturbance of renal function. Very likely it de- 
pends upon the presence of uric acid in some abnormal chem- 
ical union. This abnormal substance may be with difficulty 
eliminated in the urine, but may lend itself readily to the 
formation of tophi (p. 532). 

g. The ultimate cause of the unusual behavior of uric acid 
in gout is probably an abnormal metabolism within the nuclei 
of the cells, where the nucleic acid content is the means of solu- 
tion and conveyance not only of the purin bases but also of 
uric acid. 

The opinions of other modern workers vary somewhat from 
those of Minkowski, as appears in the following: 

Almagia,! in Hofmeister’s laboratory, has performed some 
interesting experiments and concludes that the older view of 
Garrod is correct—that is, that an excess of urates in the blood 
is the cause of gout. Almagia finds that thin strips of cartilage 
suspended in dilute neutral solutions of sodium urate absorb 


1 Almagia: ‘“Hofmeister’s Beitrige,’”’ 1906, vii, 466. 


PURIN METABOLISM—GOUT 547 


the salt, do not destroy it, but cause it to be deposited in fine 
crystals within the cartilage. He furthermore injected 5 to 
7 grams of uric acid into the peritoneal cavity of rabbits, 
a dose which usually killed them. On testing the liver, spleen, 
muscles, and lungs with the murexid test for uric acid, negative 
results were obtained, whereas cartilage gave a positive reac- 
tion indicating the presence of urates. Almagia concludes that 
the deposit of urates in the cartilage of a gouty patient is but 
the result of a temporary or permanent increase in the uric acid 
content of the blood. The liability of cartilage to contain 
deposits of urates has received no satisfactory explanation. 
Exposure to cold, stagnation of the blood flow, and the rich- 
ness of cartilage in sodium salts have been suggested as pos- 
sible reasons for the precipitation of the urates. 

In leukemia, where there must be a large destruction 
of nucleoprotein, as evidenced by a report concerning a patient 
who eliminated 12 grams of uric acid during the last forty hours 
of life, there is no gout. Folin reports that normal human 
blood contains about 1.5 to 2.5 milligrams of uric acid per 
100 c.c. and that this quantity is exceeded not only in gout but 
also in leukemia, lead-poisoning, and in nephritis. Folin 
and Denis? state that in true gout there is no increase in the 
quantity of non-protein nitrogen in the blood, though this 
increase appears in arthritis deformans. They recommend 
this as a means of differential diagnosis between gout and 
arthritis. 

Magnus-Levy,? Vogt,‘ and Reach’ were the first to discover 
that the administration of glands rich in nucleoprotein, such 
as thymus and pancreas, to gouty persons did not cduse as 
large an excretion of uric acid in the urine as when the same 
amounts of these materials were given to normal individuals. 

The work of Soetbeer® is of the best modern character, and 


” 


1Magnus-Levy: “Virchow’s Archiv,” 1898, clii, 107. : 

2 Folin and Denis: “Archives of Internal Medicine,” 1915, xvi, 33. 
3 Magnus-Levy: ‘Zeitschr. fiir klin. Med.,” 1899, xxxvi, 414. 

4 Vogt: “Deutsches Arch. fiir klin. Med.,” ror, Ixxi, 21. 

5 Reach: “Miinchener med. Wochenschr.,” 1902, xlix, 1215. 
®Soetbeer: ‘Zeitschrift fiir physiologische Chemie,” 1904, xl, 54. 
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illustrates the retention of uric acid in gout. Soetbeer 
compared the excretion of uric acid by gouty people during 
three-hour intervals with that of normal individuals, as ob- 
served by Pfeil (p. 542). In one case of long-standing gout, 
of light character and with long intervals between the attacks, 
there was little variation from the normal in the uric acid ex- 
cretion. In another case of gout, a patient who was examined 
between the attacks showed no increase in uric acid output 
after changing from a purin-free diet to one containing 320 
grams of meat, and showed only a slight increase in elimination 
after 640 grams of meat were given. These results were ob- 
tained six weeks after the last attack and at a time when the 
patient was entirely free from pain. In still another case 350 
grams of meat were given during the attack to a gouty patient 
who had no fever and whose urine was free from albumin and 
sugar. The results were as follows: 


In this experiment even during the days of purin-free diet 
there was no “morning rise” noted as a normal incident by 
Pfeil. The hourly uric acid excretion was very even. The 
kidney was apparently removing uric acid up to the limit of its 
capacity. 

Hefter! administered uric acid subcutaneously to a gouty 
patient and recovered only 11 per cent. of it in the urine in 
contrast with a recovery of 86 per cent. in the normal indi- 
vidual. Thannhauser and Bommes? report that although 
between 75 and 82 per cent. of the purin content of 1 gram of 
adenosin when subcutaneously administered to normal men 
appears as uric acid in the urine, and the uric acid content of 

1 Hefter: “Deutsches Archiv fiir klin. Med.,” 1913, cix, 322. 


_ ? Thannhauser and Bommes: ‘Zeitschrift fiir physiologische Chemie,” 1914, 
KCl, 620: 
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the blood does not rise, yet in severe gout this procedure is not 
followed by additional excretion of uric acid, though uric acid 
does increase in the blood. Three of four gouty patients had 
attacks of gout after this treatment. The authors state that 
the conclusion is unavoidable, that gout is due to a disturbance 
in the elimination of uric acid. 

Denis! finds that there is no increase in the uric acid con- 
tent of the blood of man after the ingestion of foods rich in 
purins, except in cases of renal insufficiency. 

The drugs which are used in rheumatism, arthritis, and 
gout, such as salicylate of soda, aspirin, and atophan, cause an 
increased elimination of uric acid in the urine and a concomi- 
tant fall in the quantity of uric acid present in the blood? 
Salicylate of sodium when given in amounts to produce no sal- 
icylate intoxication (such as ringing in the ears) has no effect 
upon the basal metabolism of normal men, though the uric 
acid and total nitrogen elimination is somewhat increased.3 

The discovery of Stanley Benedict of the large amount of 
uric acid combined in the corpuscles of ox blood lends added 
significance to the idea of Minkowski that the deposition of 
urates in gout may be dependent upen some abnormal chemical 
union of the uric acid which breaks up, yielding urates for the 
construction of tophi. The possible importance of this factor 
should not be lost sight of.‘ 

Miller and Jones® were unable to find any variation from 
the normal in the distribution of the purin enzymes in the 
tissues of a gouty individual. 

Linser® tells how a gouty individual suffering from eczema 
was treated with the Réntgen rays. Although the person was 
on a purin-free diet, the treatment invariably brought on an 

1Denis: “Journal of Biological Chemistry,” 1915, xxiii, 147. 

2 Jackson and Blackfan: “Albany Medical Annals,” 1907, xviii, 24; Rock- 
wood: “American Journal of Physiology,” 1909-10, xxv, 34; Fine and Chace: 


“Journal of Biological Chemistry,” 1915, xxi, 371; Denis: “Journal of Pharm. 
and ex. Ther.,” 1915, vii, 601. + 
3 Denis and Means: “Journal of Pharm. and ex. Ther.,”’ 1916, viii, 273. 
4 Minkowski: ‘Zeitschrift fiir physiologische Chemie,” 1913, Ixxxviii, 159. 
5 Miller and Jones: Jbid., 1909, 1xi, 305. 
8 Linser: “Therapie der Gegenwart,” 1908, No. 4. 
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attack of gout on account of the increased production of uric 
acid within the body which normally follows such treatment. 

Gudzent! states that monosodium urate occurs in the blood 
in two isomeric forms, the more soluble lactam form being 
readily convertible into the less soluble and more stable lactim 
form, these having been chemically differentiated by Emil 
Fischer. While 100 c.c. of blood dissolve 18.4 milligrams of 
the first salt,.they dissolve only 8.4 milligrams of the second. 
Gudzent? maintains that the inhalation of radioactive emana- 
tions leads to an increased elimination of uric acid in the 
gouty, due to the conversion of the lactim form of uric acid into 
the lactam form. However, Wiechowski® denies the influ- 
ence of radium upon the solubility of uric acid, though he finds 
that the emanations bring about a rise in the elimination of 
uric acid not only in gouty persons but also in normal indi- 
viduals. He believes with His that the emanations may re- 
duce the inflammatory processes in gout, thereby indirectly 
favoring more normal conditions and leading to the elimination 
of uric acid. There is little or no influence exerted by radium 
emanations upon the respiratory metabolism,‘ although it is 
stated that the ingestion of one hundred times the usual thera- 
peutic dose has caused an increase in metabolism of 17 per 

cent.® 

Von Noorden and Schliep® suggest that gouty patients be 
tested for their ‘tolerance’ for purin bodies just as diabetics 
are tested for their tolerance for carbohydrates; 400 grams 
of meat contain 0.24 gram of purin nitrogen, which is the 
equivalent of 0.72 gram uric acid. A patient was put on a 
purin-diet free; was given 400 grams of meat, then put ona 


’ 


1Gudzent: ‘Zeitschrift fiir physiologische Chemie,” 1900, Ixiii, 455. 
2 Gudzent: ‘Zeitschrift fiir klin. Med.,” 1910, lxxi, 304; 1913, Ixxvili, 266. 
3 Knaffl- oat and Wiechowski: ‘Zeitschrift fiir physiologische Chemie,” 


1912, lxxvii, 3 

4 Silbergleit: “Berliner klinische Waochenachet. ” 1908, xlv, 13; 1909, xlvi, 
1205. 

5 yon Benczfiir and Fuchs: “Zeitschrift fiir ex. Path. und Ther.,” 1912-13, 
xii, 564. 


8 yon Noorden and Schliep: ‘Berliner klinische Wochenschrift,” 1905, 
xlii, 1297. : 


PURIN METABOLISM—GOUT 551 


purin-free diet again, and afterward was tested with 200 grams 
of meat. The results were as follows: 


Uric Acip 

Day. Drier. IN GRAMS. 
oe UE es tS Burin frees seare see 5 eect 0.462 
Nee ged Mea ea A See Sat; 400, pre meatus. 0.522 
Ore ih hak piicis ee ee “ & "-F 400 gm: meat..... 0.544 
Pe mis aero ad at part 3 its hae ine ere he 0.539 
SPO eee 5 ie Sale Meares eich Na ne Salk Ae tet 0.528 
OE san eee em hopes eta eRe, othe Oe 0.458 
TORY near ae eh eee <5) --200.gm, meat... .. 0.549 
Lit Ae ote ich te getter oe Sue EReoo pin. meatwns 0.655 
Eh rian 8 lies ein A en Hehe RCE Aa eR A ee ae 0.647 
5 Ce ge ase ener eae ie oe erty cites hiro hye 0.4909 
TAG hase ois retin Biot Sie! al aes WAR Tet te APS Ui Neh i tof 0.433 


The authors conclude that while the increased uric acid 
output after giving 400 grams of meat is not what it would be 
normally, yet after giving 200 grams the quantity of additional 
uric acid is fully eliminated. Hence this patient had a toler- 
ance for the purins in 200 grams of meat. 

Dietetic rules for gouty sufferers are intended to combat 
the fundamental anomalies of the metabolism. The organism 
must not be overloaded with uric acid. Minkowski’s rules! 
for treatment of gout may be thus abstracted: Sweetbreads, 
liver, and kidney are to be strictly excluded from the diet since 
they contain purin bases in large quantity. Meat is to be 
taken in moderation only. Wine should be taken sparingly 
or not at all, and beer rigidly excluded on account of the nuclein 
in yeast. Cathartics may be given to rid the intestine of purin 
bodies excreted into the intestinal canal, and water-drinking, 
which promotes a larger flow of urine and increased uric acid 
elimination, is strongly to be commended. The diet for a 
gouty patient should contain each day 100 or 120 grams of 
protein, 80 or too grams of fat, and 250 or 300 grams of car- 
bohydrates (2200 to 2600 calories). This should not include 
more than from 200 to 250 grams of meat per day. Indigest- 
ible cakes, pies, rich foods, and heavy salads should be forbid- 
den. Moderation and self-control are the watchwords for 
the gouty sufferer. 


1 Minkowski: “Deutsche medizinische Wochenschrift,” 1905, xxxi, 409. 
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It is impossible to oxidize uric acid, and no treatment now 
known increases its solubility. Minkowski hopes that some 
organic compound may be discovered which will accomplish 
this purpose. 

Bearing the facts of the above discussion in mind, the 
reader will comprehend that present-day doctrines concerning 
metabolism in gout may shortly become entirely obsolete 
through new and far-reaching discoveries. 


CHAPTER XX 


THE INFLUENCE OF CERTAIN DRUGS UPON 
METABOLISM 


IMPORTANT work concerning the influence of certain drugs 
upon the basal metabolism in normal men has been carried out 
by Higgins and Means! in Edsall’s clinic at Boston. They 
present a summary of their findings in the following table: 


THE INFLUENCE OF DRUGS ON METABOLISM 


ACTION. 
AVER- 
Drvuc. AGE 
Dose. | Respiratory Bronchial ° Respiration 
Center. Musculature. Metabolism. Rate. Pulse-rate. 
Atropin . ....-s\<% 1.0 mg. | None. Dilation. Increase. None. Fall, then 
rise. 
Cate veeres.ts 0.4 gm.| Stimulation. | Either dila- | Increase. | Increase. None. 
tion or none, 
Camphor.......| 0.1 gm. | None. Either dila- | Generally | None. None. 
tion ornone.| slightly 
increased. 
Strychnin....... 4.5 mg. | None. Probably None. None. None. 
none. 
Morphin........ 16,0 mg.| Either depres- | Constriction.*| Either Slight in- | None or 
sion or none. slight de- crease.t decrease. 
crease or 
none. , 
ICL OUD aco =e) 5.0 mg.| Depression. | Constriction. | None. None. Slight de- 
crease. 


* Or none, when the bronchi are already constricted. __ 
+ This obviously does not apply to large doses of morpbin. 


They report that caffein caused a rise in the metabolism 
equal to r5 per cent. without changing the pulse-rate. The in- 
crease after camphor was 8 per cent. and after atropin only 4 
per cent. above the normal basal metabolism. That thera- 
peutic doses of strychnin cause no increase in metabolism is 
significant. 


1 Higgins and Means: “Journal of Pharmacology and Experimental Thera- 
peutics,” 1915, vii, I. 
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Unpublished results of Means, Aub, and DuBois show that 
large doses of caffein given to normal individuals cause an in- 
crease in the basal metabolism of 10 to 30 per cent. without in- 
creasing the pulse-rate or the body temperature. 

Other unpublished data from the Russell Sage Institute of 
Pathology, and taken from investigations by Eggleston and 
DuBois, show that no change in metabolism occurs in cardiac 
cases after the administration of full therapeutic doses of digi- 
talis which markedly reduce the heart rate. 

The influence of large doses of caffein appears at first 
thought to be remarkable, the basal heat production rising to 
the level found after the ingestion of large quantities of meat. 
The increase is slight, however, when compared with the stim- 
ulation of metabolism by muscular exercise. It appears great 
only when compared with the immutability of the level of the 
normal basal metabolism, a state in which the heat production 
is subservient to the requirement of energy on the part of the 
cells for the maintenance of life, the requirement being so 
regulated and adjusted that the heat loss per square meter of 
surface is approximately 40 calories per hour, while the body 
temperature is maintained at a constant level. 


CHAPTER XXI 


FOOD ECONOMICS! 


THE consideration of the food supply from a national 
standpoint was forced upon Germany at the outbreak of the 
great war which is now in progress. Eminent scientists com- 
bined in a report upon the prospects of the sustenance of the 
nation. Imports from oversea had been restricted. Meat, 
butter, cheese, and fish formerly obtained from Holland and 
Denmark were no longer available. The North Sea fisheries 
which had yielded 179,000 metric tons (1 metric ton = 
2200 lbs.) of fish were closed, trained farm hands were fewer, 
crops in East Prussia and Alsace had been destroyed, the 
situation appeared serious. It was estimated that the annua! 
amount of food fuel necessary to support 68,000,000 Germans 
—men, women, and children—was 56,750,000,000,000 calories. 
This is the equivalent of 3000 calories per adult per day. The 
quantity of protein required in this fuel, if the human machines 
were to maintain themselves in self-repair, was estimated to 
be 1,605,000 metric tons per annum. It was calculated that 
a mixed population of 68,000,000 men, women, and children 
required the same amount of food as would 51,823,000 adults. 

In order to increase the production of food and to diminish 
the waste the committee recommended increasing the crop of 
beans, with its large protein content, reducing the unneces- 
sarily large meat supply, and increasing the intake of cheese 
and skimmed milk, which latter should no longer be fed to 
pigs, improving the yield of vegetables and fruits, and reducing 
the quantity of butter and cream produced. 

1 The first pages of this chapter are a revision of a paper published in the 


“ Journal of the Washington Academy of Sciences,” 1916, vi, 387. 
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A reduction in the consumption of meat, butter, and cream 
was necessary because edible grains would be required for 
human food, and the maintenance of the usual number of 
cattle was no longer deemed possible. 

The estimated savings as above enumerated would result 
in a total production of 81.25 billion food calories containing 
2,022,800 tons of protein. 

The conditions were thus summarized: 


' TABLE SHOWING THE ANNUAL FOOD REQUIREMENTS OF 
68,000,000 PEOPLE IN GERMANY 


PROTEIN IN CALORIES IN 
tooo Metric /THOUSAND MIL- 
Tons. LIONS. 
Actual ‘requirement... eee eee eee 1605 56.75 
Used before the: wararw.. qin ase eee eee 2307 90.42 
Available (unchanged habits) ME nents came b- 1543 67.86 
Available (under present recommendations)..... 2023, 81.25 


From these data it was concluded that the German people, 
through co-operation of millions of inhabitants, would be able 
to prevent suffering for lack of food. . 

The writer is informed upon good authority! that the food 
produced during 1914-16 never attained the level of produc- 
tion in peace times, that the food requirement of the popu- 
lation was underestimated for the physical work to be accom- 
plished and underestimated for those who were in the period 
of adolescence; furthermore, that the enforcement of the food 
laws was placed in the hands of farmers, middlemen, and 
politicians, who mismanaged the situation. 

It is not unimportant to know something of the cost of 
these great quantities of food fuel. 

If one takes as a basis the wholesale cost in the United 
States of food as purchased on account of the Commission for 
Relief in Belgium one can estimate in the terms of the cost 
of various simple food-stuffs the iowest wholesale cost of the 
yearly food fuel requirement of the German nation as follows: 


1A. E. Taylor: Oral communication, quoted by permission. 
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WHOLESALE COST IN THE UNITED STATES OF FOOD FUEL 
FOR 68,000,000 PEOPLE 


CosT PER Cost PER Cost FoR 
Pounp. 1000 56,750,000,000 

CALORIES. CALORIES. 
COTnIEAls crvaaetn enya ae $0.016 $o.011 $ 634,000,000 
Wheat Hobia Stace Bhat tee 0.023 0.014 794,500,000 
RIC COM A ylnertsete ne tials ho taciol: 0.03 0.018 I,022,500,000 
GUI pat eepy te erate Goat es 0.033 0.02 I,135,000,000 
BGAN S eae its otc acs eicusaeet 0.045 0.029 1,634,000,000 


The wholesale cost of sufficient food fuel exclusively in the 
form of beans to provide for 100,000,000 men, women, and chil- 
dren in the United States for a period of one year, computed 
on the basis of 3000 calories daily for each adult, would call 
for a sum of $2,500,000,000. Beans are more costly than rice 
and wheat, but have a larger protein content. 

In this connection it is interesting to consider the living 
expenses of a poor family in New York City. 

Family, two adults, three children, wages $60 per month: 


IRENE ee fede cna ite ere abe che tre ores tiekiie oles < $15.00 
GOUT Pars: Bt kabae ticker en Sr ok Bere a ReSteas a otal cee 25.00 
(Coale ees fe sinis «ct eee ar Miy aero. Sate ee oe 4.50 
UNSUTANCE erg ee ee ee ETT To eke Gnade hs 2.25 
SOAp Ia CheS SCLC emwmen nee ee CoRR eee em 1.00 
Clothineand extracts ee ne ae te ows eee ae res 12.25 

$60.00 


To the man of large affairs the expenditure of $25 a 
month for food appears of little moment, and yet if the 
100,000,000 inhabitants of the United States lived as this 
typical poor man’s family lived the cost of food would aggre- 
gate $6,000,000,000 per annum. To any man of large affairs 
the maintenance at Boston of the Nutrition Laboratory of the 
Carnegie Institution with its budget of about $50,000 per 
annum appeals impressively to the imagination, and yet this 
work is accomplished at an expense of less than y'5y of 1 per 
cent. of what the American people would pay for food if each 
family of 5 had an income of $720 per annum. It may be 
further remarked that this estimated cost of food for the 
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nation is twice the amount of the gross earnings of all the 
railways in the United States. 

Is it not a little sad to think that the expenditure of 
thousands of millions of dollars annually for food, an expendi- 
ture frequently amounting to more than half of the income of 
the poor man, should take place without any real idea as to 
what the nature of food is? 

F. C. Gephart! of the Russell Sage Institute of Pathol- 
ogy, has made a study into the food consumption of the boys 
at St. Paul’s School at Concord, New Hampshire, one of the 
largest private boarding-schools in the country. The total 
annual food supply may be thus computed: 


SUPPLIES FOR BOYS’ BOARDING SCHOOL 


PROTEIN, Fat, CARBOHYDRATE, 
Metric METRIC Metric 
Tons. Tons. Tons. 
Food supplyin.ta2e eee eee | 20.5 25.6 60.5 
Waste: Girne Se eis eae eee 3.8 5-4 4.2 
Food-fuel..2:2 es nat Sao e 16.7 20.2 56.3 


This quantity of nourishment was taken by 355 boys and 
also about 100 adults (masters and servants). This quantity 
of food when computed on the basis of the individual meals 
served appears as follows: 


Foop SupPLY PER M2AL. 
Pounds. Grams. Calories, ee 
Proteins... ee 0.1107 50.2 206 14* 
Fat.c cc aeneeee 0.1332 60.4 562 39 
Carbohydrates..... 0.3717 168.8 692 47 
| ae 
1460 I0o 


* 70 per cent. of this is in animal protein. 


The cost of this food per meal was 20 cents, or 13.8 cents per 
1000 calories. The food, which was bought by a purchasing 
1 Gephart: “Boston Medical and Surgical Journal,” 1917, clxxvi, 17. 
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agent in the Boston market, was of the best gusty, and 
included 193 separate varieties. 

Such a dietary taken by the 100,000,000 inhabitants of the 
country would cost per annum $11,500,000,000 if the Ger- 
man minimum of 3000 calories daily per adult be allowed. 
This cost is twice what the poor man in New York City pays 
for his food. 

These growing, athletic boys, however, were not satisfied 
with 3000 calories daily. They not only took 4350 calories 
daily at the table, but they bought 650 additional calories in 
food at a neighboring store, the principal item being chocolate. 

Data concerning the subjects of the investigation are 
epitomized in the two following tables: 


TABLE SHOWING THE NUTRITION CONDITIONS AT A SCHOOL 
CONTAINING 355 BOYS 


BASAL 


Foop In 
| Bopy MErAB- 7 
ies HeicuT. | WEIGHT. Sea SSS Foop. dames 
| (Catc.). 


| Years. Gm)» Ke. Sq. M. Cals. Cals. 


The Upper 

School sii. ot 16 17.257 60.6 | 1.73 1826 4007 274 
The School....| 143 165.1 50.8 1.54 1737 5126 295 
The Lower | 

School... “) 133 157-5 | 43-8 1.40 1647 4040 300 


The basal requirement of boys is, as DuBois (see p. 129) 
has shown, 25 per cent. above that of the adult. The total 
fuel intake was three times that of this basal level which is the 
heat production when a boy is resting or asleep. The 5000 
calories contained in the ingesta is half as much again as a 
farmer at work would require. The quantity of the calculated 
intake would certainly not be lowered by excluding the 
adults who unavoidably entered into this computation. These 
data explain the ravenous appetite of boys. Lack of appre- 
ciation of this factor or lack of provision for it are the probable 
causes of much of the undernutrition seen in children of 
school age. 
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The distribution of the fuel values among the various 
more common articles taken as food at the school is shown in 
the following table: 


PERCENTAGE DISTRIBUTION OF THE CALORIES INGESTED AT 
A BOYS’ BOARDING SCHOOL 


Per CENT. PER CENT. 
Bacon:.n.cc poe eee eee 1.8 Lanib.as se oc See acer ate ee 
Beefs. ee 6.7 Milk: eo ee ee 12.6 
Bread-and Houten eee T30 Pork loins’, 2a see teeter £1 
Butters. 5 o.05..c Meets aie Tie Potatoes. sc. oS she ee ene 5-9 
Créam )., See ee eee r3 Sugarl. 1. oess orien en ate 11.6 
Eggsicaacencs nee ee eres Dua Otheritemsh . 5.4%: et ee 24.5 
Fowl ieoscacu ecisninernreereat 1.9 


It is interesting that twelve dietary items yield 75 per cent. 
of the fuel value and that 181 other varieties yield the remain- 
ing 25 percent. Bread, butter, milk, and sugar together yield 
50 per cent. of the food fuel. 

According to the German minimum allowance an average 
family of 5—father, mother, and three children—would require 
11,400 calories in food daily. If the family’s dietary were 
based proportionately upon that of the boys’ school it would 
cost as follows, provided its food supplies were purchased on 
Second Avenue, New York City: 


CALORIES. Cost In CENTs. 


‘Lotal food: 23 .3.ee aeeere ier eee: 11,400 

Breadie neh a see eee eee I,500 5 

Butter. cev.tastyece ec a Pee hae 1,500 15 

Mille Satter ak ot atetaatek ae eh ieee mere te 1,500 16 

Stigars: 2h tae terete ee eee I,500 4 
6,000 40 


Forty cents will buy more than half the family’s food re- 
quirements at an average cost of 62 cents per 1000 calories 
instead of 14 cents, the average cost at the school. If $25 is 
spent each month for food, 80 cents a day is available, or 7 cents 
for 1000 calories. The margin is narrow. 

It would be well if the family knew that more than half 
its food supply could be had for 4o cents a day, and that this 
bread, butter, milk, and sugar was of equal nutritive value to 
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the best the country affords. The remaining 5400 calories 
could then be bought at a cost of 8 cents per 1000. This sum 
will purchase most of the usual food-stuffs, with the exception 
of meat. 

As a matter of statistics the annual consumption of cane- 
sugar in the United States in 1912-13 reached 85.4 lbs. per 
capita, which is the equivalent of 2000 calories daily for a family 
of 5, or 20 per cent. of the energy requirement. This quan- 
tity of sugar costs the nation $1,500,000 daily, and the rich 
harvest to be reaped by substitution of only a small part of 
this by saccharin, which has no fuel value whatever, is obvious. 

It has appeared to those at work in the laboratory that it 
would be of great importance to associate the caloric value of 
food with cost in dollars and cents. 

For the understanding of this the following table has been 
prepared showing the cost of 2500 calories, which is the 
energy requirement of an average adult of sedentary occupa- 
tion. 


WEIGHTS AND COSTS OF VARIOUS FOODS NECESSARY TO 
FURNISH 2500 CALORIES 


(Prices at Second Avenue and goth Street, New York City, Early in 1916) 


ARTICLES. WercutT.| Cost. ARTICLES. Weicut.| Cost. 
Lbs. Oz.| Cents. Lbs. Oz. | Cents. 
Cornmeal eh oS .O4F Datesd gaan iee rev 174 
OMB aloes Tas .043 Olive: ouliey kr eases 0%| .10 
Oaimenles5..6-7 I 5%{| .05% || Hickory nuts 
(unhulled)....... 2 .20 
JRIOUR eeteiaha the ages oe ar) .06 Raisins (dried)... .. be -21 
UGE Span ree I 53| .06337\| Apples (dried)... .. 1ets 212 
Rice (broken)...... rt 84] .07% Cheese (American 
Liv oNe lass yee a 08} Pale)ecue se macs me 232 
EEC eerste ize OF | 08 75. || Butter icc a. 2 II 245 
Comrsyrup..>.... Ae) .09% «|| Brazil nuts 
(unhulled)....... ee 27 
Molasses...........- T cts 1248 OCORS Jaz tnaken ta cere: Ce 2075 
Peanut butter...... 14 14 FSentilS anqeree ihe aso 1 8 .30 
orka(tat) i)... I 14 Almonds (unhulled).| 1 8 36 
Beans (dried)...... eG 14 Apples (fresh)......}12 5 38 
Oleomargarin...... its .1533 || English walnuts 
(unhulled)....... 13 41 
IE DERLOCS ie cas « disse ns Same e 16% Codi (saleyives senicos 6 .90 
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True food reform demands the sale of food by calories and 
not by pounds. Professor Murlin has advocated that the 
government compel manufacturers to place upon each can or 
package of food sold the caloric content of the package. 

Besides fuel value it must be remembered that the body 
must have protein. The machinery of the living parts of the 
body such as muscle is in a constant state of wearing away. 
The wear and tear is slight, but protein must be taken in the 
food to replace that destroyed in the body, or the machinery of 
the cells will wear out and death from lack of protein will 
ensue. 

Different proteins have different values for this purpose. 
Those of meat, fish, eggs, and milk will replace body protein 
part for part. Such proteins may be classified as proteins of 
Grade A. Gelatin has practically no power to replace body 
protein and should be classified as protein of Grade D. Wheat 
contains a mixture of proteins of Grades A and D in which 
those of Grade A predominate, so wheat may be classified as 
having a protein value of Grade B, whereas corn, from anal- 
ogous reasoning, may be said to have a protein value of 
Grade C. 

An ordinary dietary with a liberal allowance of protein 
contains 15 per cent. of its calories in that form. A can or 
package of food containing 15 per cent. of its calories in pro- 
tein should have a star placed with the letter determination 
of the grade of protein. For example, the label on a can of 
corn should read “This can contains x calories, of which y per 
cent. are in protein of Grade C.” 

A further desirable statement would be whether or not the 
food-stuff sold contained the natural mineral constituents from 
the organic source from which it was derived. 

The determination of the heat of combustion of a 
dried sample of food takes fifteen minutes. Probably three 
hours would suffice to make a complete analysis by a gov- 
ernment expert. The manufacturer should send his sample 
to the Bureau of Chemistry at Washington, declaring that 
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to be his standard, and requesting information regarding 
his label. He should pay for this analysis as a patentee 
pays for his patent. If the government at any time should 
find the manufacturer selling a material on the market of char- 
acter different from the standard deposited with the govern- 
ment, the manufacturer should be heavily fined. 

It is not possible to consider the details of the great 
amount of extremely valuable work accomplished by the scien- 
tific departments of the Washington Government and in the 
individual Agricultural Experiment stations in this country 
and abroad. 

It may, however, be of interest to present the results of a 
study of the sale of food at the Childs restaurants! in order to 
show this principle of caloric feeding, now adopted in hospitals 
and upon farms, that it may be worked out in the daily life 
of the people. 

THE COST, INCLUSIVE OF RESTAURANT SERVICE, OF 2500 

CALORIES IN FOODS ARRANGED IN ORDER OF THEIR IN- 


CREASING PRICE 


(Note that when three portions furnish 2500 calories, one portion affords 
a good meal. When nine portions furnish 2500 calories, then three portions 
should form the meal.) 


Notri- PER Gosr No. oF 
; eee ac ae 
atau Se, FOOD: Ries FOR | BREAD | sro. | MAKE 
IVE AND 2500 CAL- 
CENTS BUTTER Bee ORIES 
Napoleons acreac cevsi denen 453-6 aa $0.28 6 
Crullerse snd: dc oss at SR BAA Nak. 28 6 
Cabinet pudding and vanilla sauce. .| 399.5 | .... 13% 6 
Cocdannt pie o nukes aerate. ates 372.0 Mawr 34 7 
*A—Roast beef sandwich with roll. .... “+| 357.8 ee “35 7 
Balle bunsieci-c.oc ete ee oe 357-5 eae a5 7 
Bread custard pudding............ 355-4 ane 35 7 
Pineapple pies aaac oars ort 347-4 ee .30 7 
Corr myitinisen eta tects tee ein cle ute > 342.2 ene 24) 7 
Woplepiersusince dic tees oe. 337-2 Se a7 7 
New England pudding with vanilla 
SENIOR erties a cee ie ale edt aa oe 5 330.7 oe 38 8 


* Contains 15 per cent. or over of heat in protein. “A” contains the protein 
of meat, milk, eggs, or cheese. 

1Gephart and Lusk: ‘Analysis and Cost of Ready-to-serve Foods,” pub- 
lished by “American Medical Association,” 1915. 
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NAME oF Foon. 


Chocolate spiced cakes. ........... 
Walnut layer cake with marshmal- 
low: icing =-5; peyote eee 
Milk*crackerst@ee toe e oe eee 
Bread pudding with vanilla sauce. . . 
Pumpkin'pieteecectemece oe ore: 
A—Lamb croquettes and mashed pota- 


Rhubarb pieces eer 
A—German meat cakes and French fried 
POCATOES 212 3, eases A eter 
Old-fashioned molasses cake....... 
Lemon Die yc. een ee ee 
*A—Vienna roast with French fried pota- 
TOES oS iain praciee ee ychccohe oy cacti renee 


SYTUP Hook ee acai are ser eteaceteret 
A—Hamicroquettesmn.. ae sneer 


Coldaice pudding ase 
Ham sandwich with roll........... 
Banana layericakes. 25: Se ios ew - 
*A—Cream chipped beef on toast....... 
Cocoa is. ta. cesbonaieet ae Sooners = 
*A—Roast beef cutlet with tomato sauce. 
*A—German meat cakes with lyonnaise 


POLALOES 02 re eremetota = ore bienns + ccuehatials 
*A—Swiss cheese sandwich............- 
* —Boston baked beans........ 


A—Vienna roast, spaghetti and potatoes 
Chocolate cornstarch with cream. . . 
Wheat cakes with maple cane syrup. 
Milk crackers and milk............ 

*A—American cheese sandwich......... 
* —New York baked beans............ 
Hot'corn bread 294 bee 
*A—Country sausage. jen. te eee eee 
Indian pudding with maple sauce. . 
*A—Minced tongue sandwich with tea 
biscuits? >. Gregor be eee ere 
Cream roll Ste Seis ee Cee eee 
A—Beef cakes with brown gravy and 
Macaroni... y. ccc e a eee. 
—New York beans, on theside....... 
Graham crackers y.,..9 ae ae ee eee 


* 


Noutri- 
TIONAL 
CaALo- 
RIES FOR 
FIVE 
CENTs. 


324.0 


323.2 
SL yer 
2908.4 
2906.1 


291.4 
290.2 
286.8 


284.5 
281.9 
279-7 


278.3 
278.0 
277-3 
276.6 


275.2 
263.1 
263.1 
261.8 
253-4 
2409.2 
247-5 
246.5 


246.4 
244.0 
240.3 
236.3 
231.6 
2a 
230.5 
230.2 
220.7 
228.6 
227.7 
227.2 


PER 
CENT. 
IN 
BREAD 
AND 
Butter. 


29-5 


272 


35-5 


35-1 


36.9 


Woow OOwW OO WwW monn oo 


ooumn 


Leal 
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Notri- i 
TONAL Cor a One 
NAME oF Foon. eens ton eve Cus Mice 
FIvE AND =e 2500 CAL- 
CENTS. | BuTTER. ORIES. 
Oysterple: “fava eit oes bee ad 220.4 ae $0.57 4 
*A—Minced chicken sandwich..........| 220.3 73.0 257, II 
Apple tapioca pudding............ 217.2 ae Ast) II 
Potatosaladien. fase © Pe ac,6 ks 217.0 38.4 58 6 
Chocolate layercake.............: 212.4 apet 59 12 
*A—Breaded veal cutlet andtomato sauce] 211.9 33.0 59 3 
Egg-plant fried in butter.......... 208.7 sone .60 4 
Buckwheat cakes with maple cane 
SYEUD. eras tee ne el eiaareab ote canton 208.3 Sf a -60 6 
A—Roast beef croquettes with macarcni| 208.3 34-3 60 4 
A—Fried bacon with French fried pota- 
LOGS Seneet iets eit hares sanie Ste tyes 208.1 ropa .60 3 
A—Sardine sandwich................. 207.4 yoke .60 12 
*A—Minced ham sandwich with olives...| 206.8 en .60 12 
*A—Ham and New York beans......... 206.6 40.2 61 4 
Vanilla cornstarch with cream...... 206.5 ae e 61 12 
*A—Roast beef cutlet and mashed pota- 
EOCS tor Area rennin Se ne Me 205.7 38.3 61 4 
A—Lamb cutlet and mashed potatoes...} 205.4 36.9 61 4 
Cocoaniit cake rye sae seeds oes 204.6 Weer 61 12 
Cream cheese walnut sandwich..... 201.5 ae 62 ae 
* —New York baked beans with tomato 
SAUCE} 6k wierd see re aetna 00 201.5 34.8 62 6 
A—Ham and Boston beans............ 201.3 44.6 .62 4 
A—Liver and onions with French fried 
POLATOSS ramones ayereh stents sels ovens 200.1 bas 62 3 
SAR Beet stewrecne ake ee ee 199.8 ane 63 4 
*\—Pork and New York beans......... 198.7 38.5 63 4 
*A—— Ham sandwich 74.).)) ae a cis sts « 198.3 73.2 .63 13 
Rice croquette with bacon......... 196.2 43-4 64 4 
Baked apple with cream........... 196.0 Mee 64 6 
A—Frankfurters and potato salad...... 195.0 42.5 64 4 
* —Baked beans with macaroni........ 195.8 eee -64 4 
Cup of coffee (containing cream and 
SUSAT) Peer HIE oe ec tas 195.2 =a 6 64 13 
A=Mince plese aun cite serials sctets 2 104.1 Meret 64 6 
*A—Lamb stewie saat ssa kes ait eo a 193-6 30.6 65 4 
*A—Broiled salt mackerel with mashed 
POtatOeSin inet ey eiia oes - 192.2 44.1 Osu 3 
Cherry:pie sgn tater tate osc be 191.5 ae .65 7 
Potindkcakes Maen oa; eras 55.06: IQI.5 Pa 65 7 
A—Chicken cutlet and mashed potatoes.| 191.2 57-6 65 4 
*A—Shredded wheat and milk.......... TOO. Sues: .66 7 
Cream tapioca pudding............ 189.6 pion .66 13 
Soda crackers and milk............ 188.6 een 66 7 
Sita Wherry Diets seam aehis sec" 188.0 bese .66 7 
Chocolateéclairtee. ss aac sic; ..| 188.0 ates .67 13 
*A—Baked lamb pie (individual)........| 187.7 46.6 67 4 
*A—Corned beef sandwich............. 186.0 79.1 67 13 
(A= Brovled | Dacor sve s ciaetmtvaitasc <5 « 185.3 34.3 67 3 
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TRI- R O. OF 
none te eee tee 
NAME oF Foon. Ma oe Bre. Ae 2500 Sant 
FIvE AND CaLo- 2500 CAL- 
Cents. | Butrer. BS. ORIES. 
Rice cakes with maple cane syrup...| 185.6 tees $0.67 4 
A—Cold ham.23..6: sce eemetaes 183.5 39.6 .68 5 
A—Roast beef croquettes and spaghetti.| 183.0 rt 68 5 
*A—Chipped beef and scrambled egg....| 182.7 30.4 -68 3 
A—Minced ham with scrambled eggs...) 181.9 35-5 .69 3 
Peach pies... ree 181.8 Se .69 7 
A—Baked macaroni and cheese........ 181.6 40.5 69 i 
Huckleberry pienie. eee ee 179.7 VTA 70 A 
French toast with maple cane syrup.| 179.2 fee -70 4 
*A—Corned beef and New York beans. ..} 179.1 ca 70 5 
Blackberry plesreas;stee nee teeters 177.9 Sons 70 7 
*A—Veal pot-pie with dumplings....... 174.9 47-9 tee 5 
*A—Creamed codfish on toast.......... 174.7 46.3 72 5 
A—Vienna roast with stewed tomatoes..| 174.7 BI we 5 
*A—Tomatoomeletpirer eet ene 174.4 55-3 72 4 
A—Small oyster fryocce nace eee 174.2 30.6 aie 4 
Hot'rice withcreamss 3... see 573-3 eae ae 5 
A—Plain oyster fry with bacon........| 171.8 32.0 73 4 
*A—Hamburger steak.....2..:...+.-+-- 170.5 29.9 fe. 4 
A—Corned beef hash, browned in pan...| 170.3 40.1 She 5 
A—Corned beef hash, steamed......... 160.3 55-8 74 5 
Creamics. s Siecle eee 168.7 ork 74 5 
*A—Chicken wings on toast............ 168.2 38.2 -74 4 
A—Country sausage and French fried 
potatoes hse eet ete aoisietae bese eects 167.2 Sato As 5 
*A—Corned beef and Boston beans......| 166.7 48.6 75 5 
SA Ryo tried Coes hence net ne ae 166.0 58.1 75 5 
*A—Hatn omelet... 5.....e sence re en's 165.6 Beds 75 4 
*A—Plainjomelet ce acin eee 165.5 47.2 276 5 
*A—Fried liver and mashed potatoes....| 164.8 Srey .76 5 
*A—Creamed chipped beef............. 163.7 Sty 76 5 
A-—-Largenaysterilt yanains maamite cette 161.8 35.1 Si, 3 
Apple fritters with fruit sauce. ..... 161.7 Se rs 77 8 
A—Fish cakes with tomato sauce.......| 161.2 54.4 78 5 
French fried potatoes, extra order...| 160.4 Vee -78 8 
Chocolate cornstarch with whipped 
CREAM Ach cress ae oe ioe 159.6 7: 16 
Shredded wheat and cream........ 150.5 -78 6 
A—Chicken croquette and French fried 
POtALOES:: Me te wissen 150.3 ee | -78 5 
*A—Corned beef hash with poached egg..} 158.9 35-5 -79 4 
*A—Ham and.eges = epee ee entre 158.3 29.8 -79 3 
A—Ham and potatoisalads. ak ae 158.1 Cheat 79 var 
*A—Baked shad and dressing. . sls A) Pee -79 4 
*A—Hamburger steak with Spanish ; sauce| 1 57-4 23.7 -79 4 
Charlotte russé\...44.) eee 156.5 ey .80 16 
*A—Creamed eggs on toast............. 155.6 37-6 .80 4 
A—Bacon and eggs...) 5-9 seen 155-3 29.8 81 3 
Strawberry fruit jelly with whipped 
CIFOR: |. chine a ee See 154.9 81 16 
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NAME OF Foon. 


*A—Buckwheat cakes with country 


SAUSAR Cate wie eenebete Thc 

(AHA VELEE SANG WICH) ew. c.a2 ducsrecieiet gies 

*A—Chicken giblets on toast........... 
Hot rice with butter........ 


Pimento olive cheese sandwich... .. 


RALOCS Sin okie cescies Mears ate norere te ass 
*A—Corned beef hash, browned, with 
twopoached eggsicn ana, cme as 
Buttered toast nie oni eehies ee os 


A= wOstramoled C209 76,4 naseyanne 5 <5 
AN Millcwpeae ritiaee pele esate msg 
Apple sauce with whipped cream. ... 

Hot rice with poached egg.......... 
*A—Corned beef with potato salad. ..... 
Fish cakes with poached egg........ 
*A——Cold roast beef x. ...-% i. diene 2 « 


Bak ediappl@a cerca: ste< 9 eee is 
Baked apple with ice cream........ 
A—tDwo lamb chopsis.: osc. + =e > 
A—Chicken salad sandwich........... 
*A—Corned beef hash, steamed, with 
poached ege 9A. on. ie atest etesess -, 

* —Boston beans, on side............. 
Tomato. sandwich) y.mamnir ees +. 
A—Lamb chops, breaded, with mashed 
POLATOES Hie sais: 02s tema eve de tal oie 
*A—Maple flakes with milk............ 
*A—-Corned beet, isso ae eerie: =. =) 
*A—BirarzOomyans tc se Pete tae eens > 
A—Spanish omelet with French fried 
DOLAEGES ac arat as caret eta aerate in ol 6 < 

Baked apple custard with whipped 


Boiled rice, side order............. 
*A—Fried egg sandwich............... 
*A— Onion Omelet. ase ane els ws ye 
*A—Baked weak fish with dressing...... 
SA Oyrl ON Sbea Ku ers clas Visceraysie bein in whe 7 

Fresh cooked oatmeal with cream. . . 
*A—Fish cakes with macaroni:......... 

Sliced bananas with cream......... 
* —Macaroni, side order.............- 
*A—Roast sirloin of beef and mashed 


151.0 


44.3 
96.5 
48.6 
45.8 
39.8 
64.7 
27.0 


45.0 
20.1 


44.8 


Ww 


Load 
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UTRI- 
rab eas: ese 
NAME o¥ Foon. oe aati 2500 
FIVE AND CALo- 
CEenTs. | BUTTER. WALeS 

A—Tomato omelet with glk Sei sich toi 121.9 42.9 $1.03 
*A—Two boiled eggs................-- 121.6 es 1.03 
*A—Fish cakes with spaghetti.......... 120.6 54.0 1.04 
*A—Macaroni omelet with tomato sauce.| 119.1 38.5 1.05 
*A—Small steak with onions............ 118.3 2 8 1.06 
ich PA enn ae si 117.8 1.06 
*A-—Epyg salad once eee eet 116.0 54. 9 1.08 
*A—Parsley omelet. 2.5.7.1... 45...-: T15.2 Saar 1.09 
Green split pea soup) aa eee 114.1 50.4 1.10 
Vanillaiice: creamer sac eee 113.8 sont 1.10 
*A—Tenderloin steak with onions....... 113.3 24.5 TsO 
*A—Cornflakes and milk............... 111.1 eet 1.12 
Strawberry tartiee sees ee eee III.O Snel 1.13 
*A-—Tuna fish salad «eevee eee 110.9 43.0 103 
*A—Sirloin steak with onions. 110.0 20.1 1.14 

Pineapple fruit jelly with ‘whipped 
COA ¢ 70. fh, teers. eon ene eee 109.8 1.14 
*A—Cup custard feu st 2 eee 100.5 eo 1.14 
*A—Roast beef with potato salad....... 107.4 43-9 1.16 
*A—Tenderloin steak................-- 106.3 19.8 1.18 
A—Milk toast.iSe cee ece ean ane 105.6 ane A 1.18 

Strawberry cornstarch with whipped 
Crean. BA ee eee oe ee 102.2 1.22 
Strawberry ice cream............. 102.1 1.22 
*A-—Clam chowder? s.2..ocee see oe 100.6 sets 1.24 
* ==Chicken soup wenn tee eee 100.4 49.5 1.24 
*A—Crab:meat salad).\ score eee eee 99-5 68.1 1.26 
Vegetablesoupsijssmoeencae ccaar 98.1 79.6 1:27 
Stewed rhubarb 0k. seen eos 03:0. |e mene rs 
*A—Creamed chicken on toast..........| 92-9 3755 1.35 
Strawberries with cream........... Q1.9 oer 1.36 
Strawberry short cake............. 91.8 tie 1.36 
*A—Chicken omelet. ...5..6.cc0002++8> 90.8 32.1 1.38 
*A~Deviledcrabg can seen eee 90.7 64.1 1.38 
Sliced’bananas fer. 0e- eee eee 89.9 atte 1.39 
*A—Spaghettiand cheese, - 25-4 .2)4-4 = 88.0 are 1.42 
*A—Fried hamen Pi) hints) tock, ea eee 86.8 49.6 1.44 

A—Minced chicken sandwich with let- 
tucela stn bc dc ere eee 86.3 1.45 
* —Bean soup with croutons........... 84.4 1.48 
*A—Hot roast beef sandwich........... 81.5 1.53 
*A-—Clubisandwich:s al. eases een eee 81.4 1.54 
*A—Sliced chicken sandwich........... 78.1 1.60 
*A—Poached eggs on toast............. 65.6 1.91 
Strawberries with ice cream........ 65.0 1.92 
* —Cream ofiwheat:.), oan see ene 63.0 1.98 
Blackberries and creaam........... 56.5 2.2% 
Stewedicom:\.: 2). 1.4 see eee 52.5 2.38 
* —Creamed asparagus on toast........ 49.2 2.54 
Watermelon:..3 So. cee tees 30.4 ache 


| onl Lan! 
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Notri- 
Abas Gove Seer Omens 
Name OF Foon. ees Paes Peg res 
FIVE |_ AND pecs | 2500 CAL- 

Cents. | BuTTER. ; ORIES. 
* —Tomato soup with rice............. 36.6 pened $3.42 34 
Shkced'pineapplesn 32-2: e ne 353 Bae 3-54 71 
Grapesruita ein beeen es 25.8 Nite 4.85 32 
PA——Raw OYSterse os ecacce cscs cos. 18.6 ae ok 6.72 45 
Sliced tomatoes with lettuce........| 16.6 bhie 7.53 5° 
fae—oliced COMALOES. - ou. eee oo ks 15.2 wells 8.20 82 
Tomatoes with lettuce dressing. ... . 13.5 moe 9.26 47 
Wantaloupe My cee eo Pierce eee oe cone 10.33 69 
@hampagney pace voces aces es 8.6 ane: 14.53 | i) 


{ Not purchased in the restaurant. 


The main objection that has been encountered to the sale 
of food on the caloric basis has been the sensitiveness of the 
business world to the introduction of a new and unknown 
quantity. Why not leave well enough alone? 

A more highly educated generation will, however, demand 
that its expenditure of thousands of millions of dollars for food 
shall not continue to take place in unfathomable depths of 
darkness. 

For the purpose of dealing with the unintelligent masses in 
actual need of food the writer recommended to Dr. Haven 
Emerson, the local Commissioner of Health in New York City, 
that grocers be persuaded to prepare ‘Board of Health 
baskets” to provide 10,000 calories daily for a family of 5 
at a minimum cost. The occasion was that of a general strike 
in the cloak-making trade. The baskets were reminiscent of 
the poorhouse fare in Finland (see p. 351) and should be un- 
derstood as representing minima for a family out of work. 
Basket I is not to be commended for constant use over a 
prolonged period, though Basket II would probably suffice 
for maintenance and growth during many months. 
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HEALTH BASKETS 


(Low cost meatless dietary for a family of 5—two adults and three children 
over five years—designed to maintain efficiency for one day, June, 1916) 


Basket I, Basket II. 
ARTICLES ARRANGED IN THE PossIBLE Minimum. DEsIRABLE Minimum. 
ORDER OF INCREASING Cost 
oF FUEL VALUE. tiea 

Pounds. | Calories. Cost. Pounds. | Calories. Cost. 

— ae | 
Cornmeéeake...-soerere I 
Hominy,.2)coonieaee I 1750 .03 I 1750 | 403 
Oatmeal sya rmuecanienete I 
SURAT A: cractrcmt ere I 1800 | .08 I 1800 -08 
RICE! Sneek Cee eee 
Bread.4: gc ees 24* 2800 .09 at 2800 | .09 
Corn syrup or molasses. 4 500 .02 4. 500 02 
Pork (fat) eee ~ 
Beans (dried)......... 
Oleomargarin......... 3 1800 11} 3 1800 | .114 
Potatoes. enews e Piste e 33 1000 .I0 
Mikes ee eee 4t 1270 12 4 1270 12 
Apples: .<nccane cee . Naira bx 2 500 iS fo) 

9920 | .452 11,420 | .653 


* Three loaves of 12-ounce day-old bread, 3 cents a loaf. Rice, 13 pounds 
(2625 calories) costs 7} cents and may in part be used instead of bread. 

+ Two quarts of milk at 6 cents a quart. 

Notes on preparation of food: 

Oatmeal contains valuable iron and calcium salts. Boil one-half hour. 

Hominy.—Soak in water over night. Boil one and one-half hours. 

Cornmeal.—Boil one-half hour. 

Rice.—Twenty-five minutes’ rapid boiling. 

Potatoes—Boil one-half to three-quarters of an hour. 

Beans.—High in protein and calcium. Soak over night and boil two to 
two and one-half hours. 


Rubner! has set forth his ideas of true reform with regard 
to the question of the nourishment of the masses. There 
should be less profit to middlemen. If food must be eaten 
outside the home, there should be cheap restaurants or public 
kitchens where nourishing food can be purchased. It is 
cheaper to cook in one’s own kitchen provided the fire that 
is used for cooking is needed for heating. The personal owner- 
ship df a house and garden to the wide-spread extent of such 
ownership in America must be morally uplifting for a com- 
munity. For this reason factories should be built in the 


1 Rubner: “Wandlungen in der Volksernihrung,” Leipzig, 1913. 
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country. Furthermore, children are more useful in the coun- 
try than in the city. The cost of rooms in which to live bears 
an intimate relation to the amount of money available for 
food. Not only are quarters costly in the town, but many 
landlords classify children with cats and dogs as undesirable 
tenants. 

The housewife should know about cooking, and both she and 
her husband should know something of the value of food. The 
sum wasted for alcoholic beverages would frequently be suffi- 
cient to turn the scale in favor of the proper nutrition of the 
family. Cheaper milk for the babies of the poor and adequate 
nourishment for school children are important factors in the 
situation. Rubner regrets that the knowledge of biology, 
even among the educated classes, is so limited that the science 
of nutrition appears to them to be wholly useless. ; 

Rubner’s words were written in contemplation of a highly 
developed modern community and before the outbreak of the 
war. The story of the regulation and conservation of the food 
supply by the state under scientific direction is yet to be writ- 
ten. An enforced abstinence from alcohol cannot possibly be 
harmful, but whether the introduction each week of two or 
three “meatless days’’ into the regimen of adults, and espe- 
cially of children, is for their permanent welfare cannot at 
present be determined. The psychologic factor alone is of 
too profound significance to give credence to the value of any 
personal opinion. 

As this book goes to press it seems that America herself 
is certain to face a food shortage before very long. This can 
be remedied by increasing the number of milch cows and by 
reducing the livestock raised for meat. The latter would free 
arable land for the production of grain and potatoes and save, 
for human consumption, grain fed to steers. It is quite certain 
that meat in the quantity it is consumed today is entirely un- 
necessary, and it is susceptible of scientific proof (see p. 312) 
that mechanical work is more efficiently and economically 
derived from carbohydrate food than from meat. 
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Fig. 28—Thermometer showing comparison of Fahrenheit and Centigrade 
scales. 
573 
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CONVENIENT COMPARISONS OF METRIC AND AVOIRDUPOIS 
WEIGHTS 


1 kilogram = 2.2046 pounds 

1 pound = 453.0 grams 

I ounce = 28.3 grams 

1 liter = 61.027 cubic inches = 1.7608 pints 

1 gram-calorie = 0.425 kilogram-meters of mechanical energy 
I meter = 3.2809 feet 


1 kilometer 0.6214 miles 


THE CHEMICAL COMPOSITION OF NORMAL URINES ON PURIN- 
FREE DIETS. (After Folin, see p. 200.) 


PERSON. 
E.S. A. 1s (in: ls 
June. March. July. 
20th 30th 8th oth roth 13th 20th 
Total N in grams......... £46) 0575) ie S-Omiets <5) a1 5.On | 20.6 3-6 
Urea IN ae eee D2 :Oe | 13:07 4 E3255 Nas L220) WA. 2.2 
Ammonia iN soceneeeeaee 0.54 | 0.54| 0.41] 0.41] 0.43] 0.49] 0.42 
Creatinin Nia ie eee 0.39 | 0.43 | 0.70] 0.64] 0.69] 0.58] 0.60 
Unici Acid ENG eee O.05*|. 0.10 |*¥0,20')| 0.23) 10127 4) OLDS Ooo 
Undetermined N.......... 0.96] 0.88} 1.06] 0.79] 0.68] 0.85 | 0.27 
Total SO; in grams........ 3.02] 2.94] 3.03| 2.49] 2.19] 3.64] 0.76 
Tnorganic/SOss.nie eee 2.56 |» 2.58} 2.48] 2.05] 1.74.) 3.27 1° 0.46 
Ethereal SOs.4.0:. fencers 0.26] 0.22] 0.20] 0.18] 0.19] 0.19] 0.10 
Neutral: SOvs ene ceen ene 0.20] 0.14] 0.35| 0.26! 0.26] 0.18] 0.20 
In per cent. of total N: 
Urea Nic. ccs se ISOC O77 ER O47 a O0.4 1.00.2 mor. 5 muon 
Ammonia N.........-. 3-6 243 2.6 247; 2.9 ZO Lies 
Creatinin Nowe. uns 2.7 2.7 BART AL 4.6 3:6) ty3e 
Uric Acid iNG arate ipo |i tole TO SET. 7 al Sle L.05 een 5 
Undetermined N......| 6.6 5-6 6.7 5.1 4.4 4.85 | 7.3 


In per cent. of total SOs;: 
Inorganic HOs-n ae 84.7 | 87.7 : 
Ethereal SO3......... 8.6 wea 50.0.1. 7.2) |\e8,0 Tee | ee 
Neutral SOg;.c0s ane 6.7 4.9 ; 


YEAR OF 1905 
TABLE SHOWING THE COST OF PROTEIN AND ENERGY 


As FURNISHED BY A NUMBER OF ComMON Foop MaTErIALs, AT PRICES CURRENT IN THE EASsT- 
ERN Part OF THE UNITED STATES 


Compiled by Langworthy, U. S. Depron of Agriculture, roos5, in Farmers’ Bulletin, 
5, P. Io. 


Note that the prices for 1017 are double or triple those given here. Compare with prices of 
IgI§ on p. 561. 


(1 pound = 453.6 grams.) 


a 3 AMOUNTS FOR 10 CENTS. 

a ee) % 2 

% aS 8 = na : 

Krnp oF Foop MATERIAL. a Oy na Hes Zz 

a os Su | BOs I & 

Oo & re} i fo) a 

Ey 3 Sa 2k < x a 

py s) 8 gos Ay 

i] 
Cents. | Dollars.| Cents. Lbs. Lb.  |Calories. 

Codfish, whole, fresh........... 10 0.90 48 1.000 | 0.III | 209 
Codfish, StCAKS Fm reas ey eae I2 fa 36 833 -142 274 
(SCAG re 8550, 0 oc aisles I2 1.20 58 833 .083 | 172 
ELSPETH. oops cts cha ba dea Soe 18 1.18 40 550 085 | 253 
OAHSDAGAlUS sc lctkenc eres oe ees 7 44 | 23 1.429 | .229| 437 
Witekerel Salt) ccs ss.afNejeisis poe & 10 OI 10 1.000 | .163| 998 
A MOM CALTICE seq, owes lyre cial te 12 .62 | 18 833) | L021 9547 
Oysters (solids, 30 cents quart).| 15 2.50 68 667 .040| 147 
Oysters (solids, 60 cents quart).| 30 | 5.00 | 136 .333 | -020 74 
PEGDSEOY: Ed Polar oiaitid eos os that Too |) S.05n nz Fixe) | eee 77 
Beet, sirloin steak, ........-.5+ 25 1.52 26 .400 | .066| 380 
beer sirloinisteak moc 12... 20 ea 21 500 | .083| 475 
Bee TOUN es canter sete @)-.> teach 14 74 16 S714. eh QOn OLS 
Reet: Stew Meat... ie.) ie) .s slate 5 38 5 2.000 266 | 1862 
Beef, dried, chipped........... 25 OSes 400 | .106| 303 
Mutton chops, loin............ 20 | 1.48 | 14 .500 | .068| 694 
Miusttonnege tercrin ar haem ets «(ty 2224 £400 i <2 454 | .069} 304 
ork; roast, Lom. sa-.s5.< 01a a 12 go | 10 .833 | -112| 1016 
Porkssmoked/ bam, 4). .nccos satel 22h TSS 14 .454 | .064|] 729 
Milk (7 cents quart)........... 3 1.06 II 2.857 | .004| 801 
Milk (6 cents seth bias a eiclo ihe 3 .gI 10 3-333 | -II0| 1040 
Wheat flour. . * ifotic ce aes 20 2 3-333 | -380] 5363 
Corneal Sac etree = s' cots 2 22 I 5.000 | .460| 8055 
Potatoes (90 cents bushel)...... 14 83 5 6.667 | .120| 2020 
Potatoes (45 cents bushel)...... 2 42 2s Eg<333 240 | 4040 
GCabbager is eeaetaaies: -x00% roy tay (ela eh: 4.000 | .056] 484 
Corn; CANNED setae 6.0 Se we huss se) 3-57 23 1.000 028| 444 
rales an acer te a thiols oes 4+ 13 | 5.00 7 | 6.667 020 | 1420 
SATIATIAS He ee eee loess icteial sini ea- 7 8.75 | 24 1.429 OIL] 414 
Mira WDERICS! oi 2 ccdt drei eetean a0 a's 7 7.78 42 1.420 013} 240 
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A more extensive compilation, which permits not only 
the calculation of the nutritive value of the particular edible 
food but also of the approximate weight of inedible waste 
entailed in the direct purchase of the material in the market, 


is as follows: 


COMPOSITION OF ORDINARY FOOD MATERIALS 


AccoRDING TO ATWATER AND BRYANT. 


Report of the Storrs Agricultural Experiment Station, 1899, p. 113, somewhat abridged. 


Kinp oF Foop MATERIAL. 


ANIMAL Foops. 
Beef (fresh). 


Loin, lean. x. 200 eee 
Loin, mediums.-- eee 


Loin; fate lesen eee 
Neck 225585 die mate ae 


Round; jeans. ere 
Round, medium.......... 
Rounds fats cise ees ae 
Round, second cut........ 
Rump. cre ee cere es 
Fore;shanki eee one 
Tongues. ane 
Shoulder and clod......... 
Fore quarters eset 
Hind quarter e- ere 
Sidé; leani-tsa knee aneeee 


Suet (unrendered tallow). . 
Hind) shanks) eevee ee 


Beef (preserved and* 


cooked). 


Dried and smoked........ . 
Brisket, corned...-.... 4: 


Flank, comedienne 


EDIBLE PorTION. 


AVAILABLE NUTRIENTS. 


nt 
SE | 
o & 
38 
ae 
a a a5 rs) 
e154] 4 
Gor" Fo |. Got eM 
23.3} 54-0] 2.1 | 15.3 
HO.30|/02.70) oom t7e0 
Prove 00.2) her Qa Loran 
T3e00|LO7-O1ll Meo LOed 
38391 60-03) tar S.ah 09726 
PREOW2 SA. 7a eet Ome 7).O 
27.6 | 63.4 | 1.6 | 19.5 
16.5 | 54.4 | 2.2 | 16.0 
20.8 |55°5 | 2.0) || 1720 
8.1 | 70.0] 1.0 | 20.7 
7.2) 05.5 \ TOUktos | 
12.0 | 60.4 | 1.6 | 18.9 
19.5 | 69.8 | 1.3 | 19.8 
20.7 | 56.7} 2.0 | 16.9 
36.9 | 67.9) 1.4 | 19.8 
26.5 | 70.8 | 1.3 | 18.3 
16.4 | 68.3 | 1.5 | 19.0 | 
18.7 | 60.4 | 1.8 | 17.4 
LS7SO.ON Peo el L7G 
TOES WOM alll te sani ser 
724s SO. 7a\eiso ep THO 
13-2) 47.8)| "or5e\ 5.7 3 
7 O7L.2')\ 1.28) 20 
Snel ES a Naas 4.6 
53-9 | 67.8] 1.4 | 20.3 
4-7 | 54-3] 3-5 | 20.1 
21.4 | 50790] 3.2 | 17.8 
L2.T AO ine. 7 | base 


Fat. 


Carbo- 


hydrates. 


: & 


per ee 
453» 
Grams. 


Fuel value 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


4 EDIBLE PortIon. 
as 
3s AVAILABLE NUTRIENTS. 
Kinp oF Foop Matertiat. 52 
ay fers f 
a3 aul a 53 Sai 
touhee ecco le hee) ees 
= |g |22/2| 2/82) 4 Bais 
ANIMAL Foops. 
Beef (preserved and Go Weta No We Gp NF lS VGN eats 
cooked). a 
PIALey COMME an qlee HEALS 140.1 | 3-7 | 23-3 130.8 3.5 | 1980 
Ikump, corned. ...5 4.0.2: GrowSS-19|| 2-25 428) || 22.0 | 2.8 | 1250 
Canned; boiled........... PAST. Ole2e wea yon 4. I.0 | I4r5 
Canned, corned. . MEAS Teco Lonny ocus h py.8 2.0 | 1275 
Boiled beef (cut not given). eee sS-1) 2 7oes.4 | sa.a0) | 27) T0g0 
Roast cooked: acc ace Vee 48.2 Wag 2426 | 27..2-| | 1.0 | 1410 
Loin steak, cooked........ eae al $425.4. 220) 22-8 || To14. .9 | 1290 
iRmpes pickled tan ccc ete Se Sots } -6 |xr.3] rr] 2 275 
Veal (fresh). 
TEP REG) oe ne i eave a 2a SasOO200/- 1.5, | 18.0 | 13.3 8 | 950 
Chuck. . Pee rajsiets|l LOROuyseO |e L-L | 20.5 | 0.2 8 | 650 
Cutlets (round). Ha to tenny ae BrAMOeT Al -I.3 | 20-71 7.3 8 710 
151 Eta 24 e eee oe ere FeO £.3-110.9)| O.0)4 8 82 
Ibi eee are TAszNR7OLO +) £23 r10.0)| 48.6 9 760 
MOI et ee sy os, aye 2 16.5 | 69.0} 1.3 | 19.3 | 10.3 8, |, 330 
INGA Oe ae ee gtasdi72.0 £.0 0-7 | (0:6 8 680 
STEVES See aR ces ches ove ra tens DAMN 2 7 Lesa 20.55), 158 8 650 
SSE oe tee rae Sco has te iat etatate GIe7AeGALSA| TO) 20-5 | 4.4 8 590 
Hore Quarter yes as 27s: SARS AyEe7 || Le2"l| 20-4 || 7-6 7 715 
PUG ATECT lorie of vee a/cte'>.< ZOaETOONT.2) || 20° |) 7:0 8 740 
rah te Cane ache SC Ae eee W220) 7tas | 12 | 10.6) 7.7 8 hele. 
ERVER as athe Solace cee ojo? 73.0 Que Oe7 5-0 1.0 410 
Lamb (fresh). | 
Breast oncnucky., se. «| LG.) 50-2 | 2.07) 18.5 | 22.4 8 | 1335 
eg nti EWeAgO3-Or- Dey -| 18-6. | 15.7 .8 | 1050 
1 OS) phe che eh a ee T4.6)| 53-1) 2.2 | 18.2 | 26.9 .8 | 1520 
IN GC et tater he cveiets ie > ieLze7aleSO. ye |) EO 4|, 07.2) 23.0, 8 | 1360 
SHOU EI ge eh ccs bec isceles 20.3 | 51.8 | 2.2 | 57.6 | 28.2 8 | 1565 
Ore Quarter cis. eyes’ ESS j ssa (ee Oul7.oi24e5 8 | 1410 
nd quarter iee ask. 2. 15.7 | 60.9 | 1.8 | 19.0} 18.1 | .8 | 1160 
Siclemaeeaes oot dicra oie eie-y #6 TO<3 | 50-2 e200 1 L7 eh 20.0 8 | 1285 
Lamb (cooked). | 
hops, proved) 23.2 a... 1335) 47-6'| 2.5 | 27.0] 28.45) 2a. ae Deon 1640 
emer Oastacrscsine pric? ebie « Be ROTOR WaKed GLO sks\ Lr eae 0.) 4.005 
Mutton (fresh) | 
(OLTEETS! ised toma eee eee 21.3 | 50.9 | 2.4 | 14.6 | 31.9 .7 | 1665 
lank eee ee | O29) 40.2) 2.6. | 24-7 | 36.4 .5 | 1860 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


Kinp oF Foop MATERIAL. 


ANIMAL Foops. 
Mutton (fresh). 


Rore;quatter: a), eneeee 
Hind‘quarter.c. -..) eee 
SIE,, . is sitary tate ede eee EE 


Mutton (cooked and 
canned). 
Leg) roasti.(e se eee eee 
Corned, canned....1.:.... 
‘Tongue; canned 7s aear-teoe 


Pork (fresh). 
Chuck, ribs and shoulder... 


Pork (pickled, salted, and 
smoked). 


Pork (cooked). 
Ribs; .cookedipt atm cae 
Steak; cooked: -eqacse ener 


Sausage. 
Bologna. vacemee eee 


Poultry and game (fresh). 
Chicken, broilers.......... 


Inedible Refuse of Pur- 
chased Material 


18.1 
18.0 
10.7 
10.7 
12.4 
t2.5 


7-7 
13.6 
18.2 


«| Eee 


35-5 


Unavailable 
Nutrients. 


EpIslLe Portion. 


AVAILABLE NUTRIENTS. 


18.1 
19.0 
12.6 


20.9 
18.7 
15.8 
20.5 


Arh 


ois 
21.7 
22.8 


29.5 


28.0 
27-5 


14.1 


Carbo- 
hydrates. 


: 3 


Ash. 


Yow > d03% 


Ww 
aAnwo 


ADDY 


00D 


—— 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


Kinp oF Foop MATERIAL. 


ANIMAL Foops. 
Poultry and game (cooked 
and canned). 

MCADOUE Ser. Sete tiers, ae aa eet 
urkey.TOaSt wn os o.e. acs 


Plover, roast, canned...... 
Chiat) ecarmed tn. sre. cere 


Fish (fresh). 


Bass, black, whole........ 
Bluefish 


Cad Sled ke ate yeeis deci 4 
Flounder, whole.......... 
1 Ts (2 [alol Sa abeeacape a 


Shell-fish (fresh). 
Long clams, in shell....... 
Round clams, in shell. .... 
Oysters, in shell.......... 
Oysters: solidsssoacsciess 
Clams, round, solids. ..... 
Crabs, hard shells......... 
HCODSEER A on cay aieins. te Sec: 


Fish (preserved and 
canned). 


Halibut, smoked. . 

Herring, Smoked siete: 
Mackerel, salt, dressed... . 
DAMON, Canned a ..2 42-105.) 
Sardines, canned. ..... 55.6. 
Lobster, canned.......... 


Clams, CANNEG <2 5 sscians 5 = 
Oysters, canned........... 


Inedible Refuse of Pur- 
chased Material. 


EpIBLE Portion. 


AVAILABLE NUTRIENTS. 


23 
as | 3 
pa | & 
To hate. 
7a ez One 
2B Tene foe 
fey) (257 
£.Ome2 tak 
1.0 | 20.0 
1.0 | 18.8 
5 | 10.8 
Qo | 18.1 
NIA 
8 | 16.7 
It t5,0 
Tes BZ os 
reg) | Bgoyn 
QO) 07-3 
eA o2eo 
E.On O53 
Ot O53 
1 1 xo. 
SOs 5 e8 
T.0\ ||/10.3 
1.4 | 16.1 
E.E |" 5.0, 
6.8 | 20.9 
55 | 24.9. 
SLO | 20.2 
5:2 | 35.8 
5.0 |} 16.8 
EQ) | 2Een 
Bit 22.8 
Tet 7.0 
10% 10.2 
PJ fete 


- 3 
2 | S5| 2 (Skis 
Calo- 
ries, 
veal a mel 
TO.0 era iesO 005 
10.9 oO) zed: 855 
0.7 le TsO NereO 085 
7 Ose Sil he tey 780 
1.6 re) 470 
1.1 1.0 420 
eZ 6 225 
5 9 |’ 385 
.6 1.0 300 
3 9 | 345 
4.9 8 | 570 
9.8 9 | 765 
6.7 -9 |. 650 
2.3 9 (igs 
6.2 1.20|-2 510) 
LTaAda 7 
9 | 2.chqlrasq | ob4ot 
4.1. 4.0 2Qdlyrs20g] 
Tel ficgstop BaSillyr dagigh 
T.2 [18H |(osi8nq) e285) 
1.0 |. [gaa |( skier) Bad) 
TiO] (92iBrr{) mas) 
Ts, 4 Te7isotoo 
‘oipooH 
; ciptoH. 
isolbsllo1] bas [xomtsO 
. ih... belied fgomt3sO 
OS Aeceeion akc 4301 
fees -».| THadiod 5101 
14.3 ‘ TL .3uplroygyl 
15.0 | .zalt |t1Q.0v/1 sk BOOT 
25.1 . | Oe 7F | cba l5) 
IIT.5 |. we UNO ch gr OHS) 
ele Bq | edt |1ESSO/ 
-4 | 1:92) 400 


8 Pesca 5. [290 


2.3' 39013 


Ribs ba 340 
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SCIENCE OF NUTRITION 


COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


Kinp or Foop MATERIAL. 


ANIMAL Foops. 
Eggs. 


Eggs, uncookedss...6. ane 
gps) boiled. pcm. c ereoe 


Dairy products, etc. 


Oleomargarin, etc......... 
Lard, cottolene, etc........ 


ANIMAL Foops. 


Miscellaneous. 
Gelatin.2)..... ae eee 
Calf’s-foot jelly........... 


VEGETABLE Foops. 
Cereals, etc. 


Barley; pearled)i.c-5-.-- 
Buckwheat flour.......... 
Buckwheat, self-raising. .. . 
Corn (maize) flour........ 
Corn (maize) meal........ 
Corn (maize) preparations: 

Cerealines\ ta bees 

Hominy..eat ose 

Hominy, cooked........ 
Oatmeal and rolled oats. . . 
Oatmeal, boilediivs-n.... 
Rice. $A Seen eee 


Rye flours.) Rasa ae 


Wheat flour, patent proc- 
ess: 

Low/gradéiee, eee 

Bakers’ grade........ 


EpriBLe Portion. 


or 
s 3 AVAILABLE NUTRIENTS. 
ns 
ae 
vo 
ay oP 
2a ae E a ‘a : 
Pry ac 2 4 eo : Due 
2 )2|22)2| 2168] 2 [geie 
. 
. Calo- 
Ja \eFo"| “Fo4 276 70 on) Rae ap thes 
EY .2:) 739M Lede | 3-O TO-Odleees 8 605 
TL | 7320 eke 2 Wie ot Tied 6 755 
| 87.0 | B22 e310 Wi 5 0 25 310 
90.5 a2 AH cope aS) 170 
26.9} 1.2: || 8.5.4" 720 NeSacts mierda TACO 
FAO) Lal 2A NET-ON OAs 4 860 
24.2\ 2.4 | 25. | 32.0) 2.4 2-0) O65 
II.0| 4.9 | 1.0 | 80.8 i e2.3.a) Saco 
9-5| 5-7 | 1.2 | 78.9 4.7 | 3335 
hia ay ISO 95.0 ead OOS 
TSO seen oor I oe Wes Onieonas 
77.6 ‘i 4.2 sey FH 5 ° 
Ta. Fale 4.4 f0<0,)| TO Ome 8 | 1630 
T2-Ouleses Sel aE Ese -7 | 1600 
Ir.6| 4.9 6.7) DW FES 4s ESAs 
£2. OescOo G.oe| 8 de fOsS 5 aes 
T220 HC At0 MW) 2765), hag gas 8 | 1625 
TO. garde TBA, eLs0i| FGs8 4 | 1655 
TLS S08 |) O:Ope Sait Zs 2 | 1625 
79-3) -9 | 1.8) .2/17.4) 4 | 375 
7.8 |) 5.0/3 .4)) 6.6 65.24 er. 4 aien7O5 
84.5 Oia ee 3 Std fee drake) 5 285 
T2,oevaieeo-5 3 | 76.9 3 | 1610 
W2a0 Menke aes? I | 23.8 2 505 
TIL eseOw 5.8 8 | 76.9 5 | 1610 
EEA | 4x5 110.7 |) eez7on9 8 | 1645 
E210) 1 ACG, ||| L401 ALO FOsE 7 | 1630 
II.3)|. 4.7 |.10.3.|) 2.0) 70.4.) aes tose 
12.0] 4.5) |. FO103)) oh) 170: 2 ae Oss 
PIX.0 |) 422 «|. 50.20 wD Agee 7 A 5 | 1640 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


a EDIBLE PorTIon. 
ie 
es AVAILABLE NUTRIENTS. 
Kinp oF Foop MareErIAL, Se = 
is) i 
= |e |82|€| 2 |b) 2 Bers 
VEGETABLE Foops. | Cal 
Cereals, etc. Tet 1t Toe tn lon hoe V, Sool xoeo Poel ieee 
Wheat flour: 
Family and _ straight 
Braden wen heccise = Sane PL2.Oull ALO: | O.ahl en Only ges 4 | 1615 
ighierades...... oe SeL2 Aull 4On | SF -9 | 73.6 4 | 1620 
Wheat preparations: 
Breakfast foods....... Serpe 9-0'l 455) 1 9-3 I) LeOn|'7 4-01) ets0.4| FOTO 
IMIAGAT ONES etad. eee Sears CERO RE iy ec lla op | 8 | 73.0] 1.0 | 1640 
Macaroni, cooked..... 355 Yiaeee | isc) reel nee Mh iniy{ay'|\ wagers |) Sey 
Spaghetti. 5. seas. oi aE N PLO. | <A Olle Ord. 41 75:1 |) 25) 1040 
ENODUICS ee matic hic. ots Ae On gull oe ROT 9 | 74.3 .8 | 1640 
Bread: 
TOW ies eee ee eg g-O| 2.80" 4.2 | Te0il46.2 [exon tOz6 
Corn (johnnycake)....| ... | 38.9] 3.5 | 6.5 | 4.2] 45.2] 1.7 | 1170 
LES. se Eaceer coe eae es ol 340 7.3 45 52-00 ees. Tie |e TOS. 
Crahamety ao. a. 2. crs Be S527 03-4: | 6.6 | v.0\isr ec ilete Tet os 
Whole wheat......... raIRS O-4) |e 3-206 7.5 8 | 49.0 |p 1.0 |"r125 
White wheat...,..... 58 iso) ETA A vidi ll eee PCE 8 | I195 
BISCHIMMB Ota ars 5c ajo oo eee 22)G)|| 47a ee? ||) L230] Sioned Stew 
IRGUS See ME NS Woniavecls dros oo Bee eos en es-6: |) 6.0.1) sarniis Seoulae COM IELEZOO 
(oastedspreadir cacc «+. ac-.| sae. [e24.0'| 4.2 8:9) 1:4) 60.37) 3) en 300 
Crackers: 
Boston (split): :..:..- es | 520) |) 8-5 | 7-7 | 6020 | ened S30 
MV Crean. <o.ate se ac: 6.5.1) 5.0) |ae7-5 |, TO.9,1L0S.50) lesa Q ZO 
ranatiartn ss! vs 6° 3: ed AsO. V7 Pe lty O25) 172254 etal OOO 
OV SLCRS scarcer ayo ste S53 4.8/5.4. | -8.8)| 9.5 69:3 |) 2.20} 1005 
SOC ai dtc Sard s.5 ok i S20) 4.09 | 9.05)" 8.25] 7 OueeOn pans 7O 
NU CER. secs, enke scot eee 6.851 520; | 8-8: 720) 7O.Oulared wi tSco 
Cakes, cookies, etc.: 
Bakers’ CaAk@ ss sns's,- 5 Maat 4:1) 353) [4c | act (5 S200 ee Om meses 
Coftee cake. ys .3..5- vse | 20.31 S28) (52559105 101.0 .7 | 1580 
Gingerbread..........| ... | 18.8] 4.3 | 4.5] 8.1] 62.1] 2.2 | 1620 
Sponge cake see aan. tact | 05-31 4-4 |] 4.8+1(9,0)) 0405) ra or 7a 
ID OP CAKE 5 tee iss. Py WTG.6)} <425) ly 520) |) esn2. 5052 .6 | 1805 
Molasses cookies...... ete O22) As7 1) SsOlL es 7.o bh 74.0 cc Tele one 
Sugar cookies......... hate S23 lieass 5-4) 9.2°| 7.0)" 1.08 rs0s 
Ginger snaps......... we he 6.3 Ni ae7) | 5c08| 0957) 747s lle ee Oml hoa s 
DOV afer ities setae ci she's sea) Ox0i) 4.9 4) 6.7) 7.78, 73-00 eget OSs 
DOUG BNUES yo -schen 5 51013 Sek bora 4200 | VS. 2 COsOsG ak -7 | 1805 
Pie, pudding, etc.: 
‘ Pie, act ae eon oe Be 42 eS lh 350s hy 12-40 8.8" ATO ered setters 
(Pie SCHStARC iis «ae sca. Mat O24) 2.20) a.08| Stereo eS 795 
PISA SQUASN ye. 2i5s.2lss0230 et OATS Oud eS 4 Ne Oa E Aer Onle SO 


* Made from wheat flour, raised with baking powder. 
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SCIENCE OF NUTRITION 


COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


Kinp oF Foop MATERIAL. 


VEGETABLE Foops. 


Cereals, etc. 

Pie, pudding, etc.: 
Pudding, Indian meal. 
Pudding, rice custard . 
Pudding, tapioca..... 


Sugars, starches, etc. 
Sugar, granulated......... 
Sugar, pulverized......... 
Sugar brow wees eee 
Sugar; maple enemas: 
Molassés....5 2gactan tse man 
Mapléeisyiup. ccnece eee 
Cornstarch... omen 
Tapioca t a NN ia eine eae 
Sago.2e). Chia ome 


Vegetables. 
Asparagus, fresh..,....... 
Asparagus, cooked........ 
Beans, Lima, green........ 
Beans, Lima, dried....... 
Beans, string, fresh....... 
Beans, string, cooked*.... 
Beans, white, dried....... 
Beatis; bakedicimes ci set 
Beets, fresh.) ot ssiesine ¢ 
Beets, :cooked=tacn weet 
Beet “greens,”’ cooked*.... 
Cabbage? sree ontea<e 
Carrots, fresh...... Pacere 
Carrots, evaporated....... 
Cauliflower! sa aeear eee 

celery. eee 
Sweet corn, green.....:..- 
Cuctinbers= cass 
Egg plant’. cee eee 
Lettuce: 425. paen teak 
Onions, fresh Sareea 
Onions, cooked*.......... 
Parsnips.;,.4 see eee 
Peas, dried ionuineee eens 
Peas, greens: ce enone 


EpIBLE Portion. 


5 
Parad 
O5 
ay OY 
23 au 
25 sail Bee Ds: g 
Se eee ee 
Jo No oe A 
acl OO oly ORS at ae 
5O.4ul sacra ec 
64.5 | 1.0 | -2.8 
rr ara xs 
eo) ed mn rey) 
04. On| See es 
2 ost] OU On| t..O ele tay, 
Sioyoes steigy |} ayf | Gee 
Sees SLOAN OL ar 226 
7 ONSO 24 LOnl 0e7 
one MNS eS 4; 6 
12,6.)) 7.5") 15-8 
Se NOSE 2Oa) Aco 
20.0 '1'87..5)| 9.07} 1.2 
bth. VSS OM are2 rn 7, 
a= |) SOsp ue tee a a7 
15.0 | O1.5 SF Lee 
20.0 | 88.2 | 1.0 “i 
eye 3 FUROR Feo 
Fide OBS ay iy 163, 
20.0 | 94.5 6 8 
61.0 |-754| 1.8 273 
15.0 | 95.4 4 6 
Reis Woo ee) .6 xe) 
15.0 | 04.7 am Me) 
10.0 | 87.6 ape a eee) 
Rar | ke 8 xe) 
20:0 |-83.0)) 71.2) | 1.2 
arse A} OSS Re ON sera 
-145.0] 74.6} 2.2 5.2 


* With butter, etc., added. 


AVAILABLE NUTRIENTS. 


vo 
h me 
3s Sage 
3 so | a |Sytké 
& |SB] @ [gals 
Calo- 
Tles. 
Zo | %o | % 
4.3 | 26.9] 1.1 785 
4.1 | 30.7 5 825 
2.9 | 28.2 6 715 
100.0 1790 
100.0 1790 
95.0 1700 
82.8 1485 
70.0 1255 
71.0 1270 
90.0 r70s 
Tt] 88.0] .1 | 1685 
78.1 2 | 1665 


H 
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WH 
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NONDaAdBDKOHAHKED HHH DOHA AOD 
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HoH HN 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


EDIBLE Portion. 


AVAILABLE NUTRIENTS. 


Kinp oF Foop MATERIAL. 


Inedible Refuse of Pur- 
chased Material 


a2 : Ae; a ed 
s/22|2| 2 |65| 4 Ere 
VEGETABLE Foops. ea 
Vegetables. GEN TN oN Go Ty Nes Ne Go. | ties. 
Peas, green, cooked*...... Beis 4 Mie Shcheg ise Jet pee toe aml Me ecg ce Weve Wa 490 
HOLATOES, Citar da stoni's eves: 20:0 1278.3) |) TA he EF eal aig LG 8 370 
Potatoes, cooked, boiled...) ... | 75.5 | 1.7 | 1.9 0120.0. 2 -On)) Ans 
Potatoes, mashed and 
GHEAMNEC 0 5.7) s5c)5) 6.00%, 5% eee Sate ce Omes.O) oer. Lm Tee ree 475 
Pumpkins seen ret fans. alee SO.0. 1-031 6 ay SPI SsOtheen cS 110 
PRACISDES Rarer ven era. phat B0:0)|00.5 | 5 27) lL. BESO he noe hesesOr 
eu barbit.es-davcn aon ects ts 40.0 | 94.4 6 4 CG 12-5 a5 100 
Squash sayeth, sack. SOO) 68.3) = SOM ats E ESAS :04lt Ont 205 
Spinach, fresh... 5.2.) «0+ tae O23 5|) 2-0 ule .O Eee hake On Me LOO 
Spinach, cooked*......... Deeb Og-8 ) LEW rk.G: | 3.78) 927 p Wr 235 
Sweet potatoes, fresh...... 20.0 | 69.0| 2.1 | 1.3 6 | 26.2 sO es 45 
Sweet potatoes, cooked*...| ... | 51.9 | 3.0 | 2.2 | 1.9 | 40.3 Arh he totals 
PR OMATOCS I i usrhee shad enc see O4..3 4 aT Y. Sil gece yes 4 100 
PERIDELHESS gree eter he oid dase oes 30.0 | 89.6 Sule 2 7.8 6 175 
Vegetables (canned). 
IASDALACMS eer acs tan). MOA <a 26. ewe Ail 2.8 xe) 80 
Beans, baked 7 casi. o)«,: Fee OScOn 2:7 VinA.O) || 223 MNT One TeOm eon 
ISCAS S SUTIN Yor a oe aie wualee s ee O38 37 a 8 SiN IG |b arele: 90 
(Beans bata lst oc, tenls:0)s1<1-)= Se 7 Oe5 0 0 Lay plea sO Be oe, ead eee 335 
MWECh GOL an. aaria iat 2 Pee Ore |) 0.7 eats akewe | LO. ao pmeres 430 
eae e PTCOM sea rceils ts) ERS eO S63, |, Led Mele +2 9.6 8 235 
SUECOLAS Deets) ais etefa aye a. 3 5 detent ten eee Moi leteceny lef 1h ax eats 
ML OMA LOGS Yc arcs.<o 12. ee EMGA.O'|, 45 9 | 2] 3.9) +5 100 
Fruits, etc. (fresh). 
PND riles wie See aos cole 25.0 | 84:6 | 1.6 | *.3 ESAT ce 260 
PA TORICOLG mee derek. teats: ios si ks 6.0 | 85.0] 1.5 iO] Seo eR Bean oad 240 
Lethe eG highes AOE Aca BEOnl 75 val 727 Le -5 | 19.9 6 400 
BIA CEDEXTIES wcisie cco sashes -.- | 86.3] 1.5 | 1.0 <0) | 0.0 4 235 
Greriiesinete. eee selavesss:s 5.0 | 80.9 | 2.0 8 Mp PN yes .5 320 
CTANDETTIES a Gees = ake ee NL SasO | b.2 3 As alliaeostey |: 190 
err aN eee mets Gib jole<e'« 2 Ye =) ol ay ty ea on pea ees [ee A 230 
ED RMR NBR ci! a2) sjaiae's- 3/0, «0» --+ | 79-1] 2.2 | 1.2 |... | 17.0] .5 | 330 
Giri peSen Mefegtetts. 3,2) )<i2 <)> BE 77s (e2-4elerabelemed Wrz es .4.| 390 
Huckleberries............ Pah | O80 2.0 “5 -51|' T450ulne nal 300 
WeMOnS HM aditeck wi cusc te. 30.0 | 89.3 | 1.2 8 50M) 7 727 4 180 
Wfaskmelons s.r. <ll a als 50.0 | 89.5 | 1-2 5 Shan ees 160 
Grane Caen a irers.esicaee 27.0 | 86.9 | 1.4 6 Sy hDoS Ay le 2Lo 
Pears..... Se Te Meat Sor a 10.0 | 84.4] 1.7 25 AW E27 3 255 
DORE ne ek in RoE 5078.4) |), 222 8 18.2 Ad 4345 


* With butter, etc., added. 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Continued) 


KInpD OF Foop MATERIAL. 


VEGETABLE Foops. 
Fruits, etc. (fresh). 
PYUNESS 0). oes se Se 
Raspberries, black........ 
Strawberries ence. sree 
Watermelons..:;......... 


Fruits, etc. tad 
Apples. . i side 
Apricots. . Ree eth hot 00 © 
Citron) 42.52 eee 
Currants... eee eee 


FiQS. 5 o'- cnc «seam tate 


Fruits, etc. (canned). 
Apricots...) as enrecpe ohne: 
Blackbernriesieec.' tren ee 
‘Blueberries: cases 
Cherriesi. ey crates ene 
soni. Se ec eee re 
Peaches. . Bee See chor 
Pears. . aA 
Strawberries (stewed). sae 


‘Almonds, Soces cine serene 
Butternutss, saaaesk era 
Chestnuts (fresh)......... 
Cocoanutsia ager eras 
Filberts ois Gare ee en 
HickorynutSi.canae ees 
Peanuts. sone pees 


Inedible Refuse of Pur- 
chased Material. 


ASQ 
oe 


wn: 
ae 


60.0 


10.0 
10.0 
15.0 


45-9 
86.0 
16.0 
49.9 
52.0 
62.0 
25.0 


EpIBLE PortTIoNn. 


AVAILABLE NUTRIENTS. 


eae 
23 

» |e] € 

g) ee) 21 4s 
EF |o4) a | 2 
% | % | %o | % 
79.6 | 2.1 a ab baal 
SA Talal evaleat 4. xe) 
90.4 | 1.0 8 25 
92.4 EO eee? 2 
28.5 725i Resi aeo 
290.4} 7-7 | 3-7 9 
TO-0) no -3 Aa ndies 
E7ie 24!) O08 ah -O mes 
E5.45) O.0)| On meee s 
18584) VO.7aeee 3 
24.0), O.0 |) 220M aacO 
22-2 Nw Ral) el ON moe 
81.4} 1.9 sfaillpecrees 
40.0| 6.1 opel beets) 
85.6 | 1.6 25 as 
72a 28 Xe) Ai 
AoA eescy Btn 2.2 
88.1 | 1.3 als I 
Sr.0i| 5.0 xg “3 
TAG Ba 2.0 5 be 
4.8 | 10.9 | 17.8 | 49.4 
4.AdeLE.A | 23.94 55.5 
45:0} 5:9} 5:3] 4-9 
EASTON Oveul| Aca ASS 
227 i LOs7al G3"3) \eSos6 
Bi. 7ueOLOMl mS 0100.7 
0.21) 10.7 '21.0 | 34.7 


Ash. 


nl | 


HN Hew 


Bee ee DOH 
A now Oonn 


Sees 


~1 DO GXx~r oN 


bBeEE_RAOKS 


Fuel value 
per lb. 
=453.6 
Grams. 


e) 
oes 
? 


240 
365 
085 
190 
310 
400 


2685 
2805 

99° 
2460 
2930 
2980 
2255 


For greater detail see 
American Food Materials, 


The Chemical Composition of 
by Atwater and Bryant, Bulletin 
28 (Revised), U. S. Dept. of Agriculture, Washington, 1902. 
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ABDERHALDEN 
alcohol and alcoholism, 358 
amino-acids in blood serum, 82 
composition of proteins, 77 
importance of high protein dietary, 
AAS oe. 
nitrogen equilibrium 
with amino-acids, 159 
with ammonium salts, 284 
with urea, 284 
pyrimidin bases and purins, 528 
value of proteins in nutrition, 157 
Abderhalden and Bergell 
amino-acids in urine in phosphorus 
poisoning, 492 
Abderhalden, Bergell, and Doerping- 
haus 
composition of cells at death, 
102 
Abderhalden and Bloch 
alcaptonuria, 163 
Abderhalden and Einbech 
fate of histidin in body, 205 
Abderhalden and Kautzsch 
pyrrolidon carboxylic acid from 
glutamic acid, 202 
Abderhalden and Lampé 
tributyrin splitting by blood, 96 
Abderhalden and Langstein 
amino-acids in milk, 400 
Abderhalden, London, and Pincussohn 


kynurenic acid from trypto- 


phan, 81 
Abderhalden, London, and Schitten- 
helm 


uric acid elimination after Eck | 


fistula, 536 
Abderhalden and Rona 
nitrogen equilibrium with cleav- 
age products of casein, 158, 1590 
Abderhalden and Samuely 
protein construction in the body, 
160 
Abderhalden and Strauss 
elimination of glycocoll, 186 
Abel, 82 


Abel, Rowntree, and Turner, 81 
Absorption 
of amino-acids by blood, 79 
of animal and vegetable foods, 54 
“‘Accessory factors” of diet, 363 
‘Accessory food-stuffs,” 363 
‘Accessory food substances” 
influence upon growth, 369 
necessity of, 362, 363 
Acclimatization 
effect of, in mountain climbing, 427, 
431 
process of, at high altitudes, 435, 
436 
tension of alveolar gases in, table, 
437 
Acetaldehyd 
acetic acid from, 192 
alcohol from, 192 
as cleavage product of carbohy- 
drate, 267, 268 
Acetic acid from acetaldehyd, 192 
Aceto-acetic acid from B-oxybutyric 
acid, 466 
Aceton bodies 
in blood, table, 466 
from fat in organism, 250 
from homogentisic acid, 197 
from muconic acid, 197 
partition of, in severe diabetes, 
466 
source of, in diabetes, 464, 465, 
466 
from valin, 194, 105 
Acetonuria in starvation, table, 93, 


94 : 
Acetylation in organism, 199 


| Acid ; 
formation in body, quantity of, 
217 
indexed by urinary ammonia, 214, 
221 
ingestion and urinary ammonia, 219; 
table, 220 


Acid phosphate, retention of, 498 
Acidity, urine titratible, 217 


585 


586 


Acidosis 
as cause of increased metabolism in 
diabetes, 475 
effect of carbohydrate upon, 271, 
es fh 
effect of, on blood, 467 
in fasting, 93 
hydrogen-ion concentration of blood 
in, table, 468 
in infants, 497 
treatment of, table, 498 
influence of, upon storage of glyco- 
gen, 447 
in obesity during fasting, table, 94 
persistence of, after mountain climb- 
ing, table, 434 
production of, 467 
of renal origin, 496 
Acids 
action of, upon mutarotation, 261 
effect of, upon glycogen discharge by 
the liver, 447 
influence of, in asphyxial glycosuria, 
447 
Ackermann, 201 
Ackroyd, 538 
Acromegaly, basal metabolism in, 439 
Activity, influence of, on basal metab- 
olism in typhoid fever, 519 
Adenase 
action of, 533 
occurrence of, 533 
Adenin 
fate of, 532 
structure of, 527 
Adenosin 
fate of, when injected, 539, 548 
inosin from, 530, 531 
Adler, 490 , 
Adolescence, food consumption dur- 
Ing, 559 
Adrenalin, influence of, on sugar for- 
mation, 458, 459, 460 
Agar-agar 
effect of, upon heat production, 232 
nutritive value of, 54 
Age, 128, 407, 5590 
Air 
alveolar, carbon dioxid of, after 
moderate exercise, 322 
expired, early observations of, 21, 22 
Alanin 
glucose from, 194 
glycogen from, 191 
from glycogen, 104 
lactic acid from, 191 
oxidative deamination of, 178, 179 
from pyruvic acid, 194 
specific dynamic action of, 240, 241 


INDEX 


£-Alanin, from aspartic acid, 201 
d-Alanin 
fate of, 191 
glucose from, 191 
occurrence of, 191 
d-l-Alanin, d-glucose from, 193 
1-Alanin, glucose from, 191 
Albarran, 165 
Albertoni and Rossi, 342 
Albu and Neuberg, 358 
Albumen, in starvation urine, 92 
Albumoses, in urine during fever, 523 
Alcaptonuria, 178 
effect of water drinking upon urine 
from, 163 
origin of homogentisic acid in, 195, 
196 
Alcohol 
from acetaldehyd; 192 
in animal economy, 355; table, 356 
in blood, 356, 357 
from carbohydrate in metabolism, 
how prevented, 268 
in fatigue, 325 
when indicated, 358 
in milk, 397 
influence of, om metabolism, table, 
356 : 
and obesity, 356 
oxidation of, in body, 356, 357 
respiratory quotient after ingestion 
of, 357 
and uric acid, 31, 545 
use of, in treatment of diabetes, 
480 |. 
Alcohol check, definition of, 56 
Alcoholics, retention of purins by, 545 
‘‘Aldehyd mutase,” 192 
Alkali therapy 
in depancreatized dog, 485 
in diabetes, 484 


Alkaloids, food, effect of, on purin 


bases in urine, 532 
Alkalosis, 444 
Allantoin, 335, 338 
Allard, 453, 457 
Allen 
fasting in diabetes, 480 
islands of Langerhans in diabetes, 
488 
Allen and Du Bois 
energy production in diabetes, 474, 
475 
non-protein respiratory quotient 
in severe diabetes, 471 
Almagia, 546 
Almond oil, influence of, on growth, 
369 
Alsberg and Folin, 199 
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Altitude and atmospheric pressure, | 
table, 426 
Altitudes 
acclimatization process at high, 435, | 
430 
capacity for work at high, 430, 431 | 
carbohydrates in diet, value of, at 
high, 433 | 
Cheyne-Stokes respiration in high, 
430 
fatty infiltration at high, 423 
hemoglobin in blood at high, 435, 436 
lactic acid in blood at high, 433 
metabolism at high, 418, 4209, 431, 
437, 438 
how studied, 426 
retention 
of iron at high, 435 
of nitrogen at high, 435 
of potassium at high, 435 
ventilation of lungs at various, 
table, 431 
Alveolar air, 219, 322, 434, 468 
Ambard, 165 
Ambard’s coefficient, 166 
Amberg and Jones, 530 
Amino-acids 
absorption 
by blood, 79 
of, and metabolism, 245 
aromatic, fate of, in alcaptonuria, 


107 
behavior of, in body, how studied, 
176 
in blood, 81, 82 
after feeding meat, 80 
after glycocoll absorption, 80 
and tissues, 80 
from casein, specific dynamic action 
of, 239 
chemical stimulus by, 245, 301 
in diabetic 
blood, 464 
urine, 464 
digestion, rapidity of, 242, 243 
fate of, 184 
glucose from, 184, 242 
guanidin nucleus in, 204 
laws of fate of, in organism, 177 
in liver after phosphorus poisoning, 
492 
metabolism after, chart, 241 
in milk, 400 
production of, in tissues in fasting, 82 
and protein metabolism, 78, 79 
‘ pure mixed, and nitrogen equilib- 
rium, 159, 160 
rapidity of metabolism of, 242 
retention in organs, 81 


Amino-acids 
specific dynamic action of, 241, 243 
story of metabolism of, 184 
synthesis of, in organism, 284 
urea from, 79, 176 
in urine after phosphorus poisoning, 
492 
in various proteins, table of, 77 
Ammonia 
absence in expired air, 22 
excretion in fasting, 92, 93 
as index of acid formation, 214, 221 
influence of fat upon, 222 
after ingestion of acid phosphates, 
222 
production, function of, 222 
after sodium bicarbonate ingestion, 


28s 


urinary 
after acid ingestion, table, 210, 

220 
and food intoxication of infants, 

220 


Ammonium acetate, as sparer of 
endogenous protein metabolism, 283 
Ammonium carbonate, urea from, 222 
Ammonium chlorid, as sparer of en- 
dogenous protein metabolism, 284. 
Ammonium citrate, as sparer of en- 
dogenous protein metabolism, 283 
Anabolism, definition of, 20 
Anaphylaxis, 161 
Andersen, A. C., see Henriques, 161, 
284 
Andersson, J. A., and Bergman, 440 
Andersson, O., 443 
Anemia 
artificial 
blood gases in, 421, 422 
heat production of, 422 
hemoglobin in, 423 
protein metabolism in, 421 
blood gases in, 425 
composition of hemoglobin in, 425 


‘~ glucose in urine in, 421, 422 


hemoglobin in, 424 
lactic acid in urine in, 421, 422 
metabolism in, chapter, 418 
calorimetric observations, table, 
424 
pernicious, metabolism in, 424 
Apnea, oxygen absorption in, 32 
Appetite, as expression of hunger, 107 
Arabinose, fate of, in body, 487 
Araki 
glycosuria after exposure to cold, 440 
lactic acid 
in phosphorus poisoning, 493 
in urine after blood-letting, 422 
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Area (surface); 41, 118, 124 
of body measured and calculated 


and by linear formula, table, 125 | 


of cattle and nitrogen content, 130 
and heat production in various rest- 
ing animals, table, 119 
of infants, 409 
interpretation of law of, 120, 121 
law of, 41, 110, 483 
linear formula for, 125 
Lissauer’s formula, 406 
of man, chart for determining, 126 
Meeh’s formula, 118 
and metabolism, 122 
of yeast, 121, 122 
Arginase 
action of 
on creatin, 205 
on guanido-acetic acid, 205 
Arginin 
fate of, 203 
glucose from, 203, 204 
occurrence, 203 
d-Arginin 
ornithin from, 204 
urea from, 204 
Armand-Delille, Mayer, Schaffer, and 
Terroine, 285 
Armsby and Fries, 51 
Aron, 415 
Arteaga, 455 
Arthritis 
differential diagnosis from gout, 547 
tubercular, relations in, chart, 524 
Arthritis deformans 
non-protein nitrogen in blood in, 
547 
Artichokes, nutritive value of, 54 
Ascaris, fat from carbohydrate by, 305 
Ash 
balance of, in fasting, table, 98 
of human muscle, 98 
importance of 
acid or base forming potency of, 
in different foods, 361 
in dietary, 358 
of milk, absorption of, table, 398 
of ordinary dietaries, table, 359 
of various edible foods, table, 360 
Asher, see Rosenfeld, 452 
Aspartic acid 
6-alanin from, 201 
fate of, 200 
glucose from, 200, 201 
occurrence of, 200 
primary cleavage products of, 201 
pyruvic acid from, 201 
Asphyxia, lactic acid in urine during, 
266 


INDEX 


| Assymetry 
of carbon atom, how abolished, 266 
loss of, 191, 192 
| Atmosphere 
| constancy of composition of, 427 
Atmospheric pressure 
and altitudes, table, 426 
diminished, and protein metabol- 
ism, 427 
and metabolism, 428 
and respiratory metabolism, 428 
Atropin - 
influence of, upon basal metabolism, 
553 
Atwater 
dietaries for farmers, 348 
protein in diet of laborer, 335 
Atwater and Benedict 
accuracy of calorimeter, 56 
alcohol in humna economy, 355 
metabolism in severe work, 320 
sugar from fat in metabolism, 
319 
Atwater and Rosa, calorimeter of, 56 
Aub and Du Bois, 127 : 
Aub, see Means, 425, 554 
‘“‘Auspumpung,” definition of, 145 
Austin and Ringer, 451 
Austin, see Pepper, 167 
Austrian, see Jones, 533, 534 
Autolysis in phosphorus poisoning, 492 
Auto-toxemia, relief of, in fasting, by 
meat ingestion, 104 
Avoirdupois and metric weights, com- 
parison, 574 


BABAK, 138 
Bachl, 22 
Bacillus, tubercle, protein synthesis by, 
285 
Bacteria 
action upon pheny]-alanin, 179 
and fecal nitrogen, 55 
in feces, 54 
formation of 
cadaverin from lysin, 203 
indol and skatol from tryptophan, 
206, 207 
putresin from ornithin, 204 
nitrogen from, in rat feces, 55 
Baehr, see Epstein, 448 
Baer and Blum, 195 
Baer, see Parnas, 190, 195 
Bailey and Murlin, 404, 406 
Bailey, see Murlin, 214, 384 
Baker, see Gettler, 495 
Baldes, see Embden, 195, 265 
Baljarski, see London, 210 


INDEX 


Balloon ascension 
a of Tissandier and Sivel, 
42 
metabolism during, 428 
Bananas 
as exclusive food, 355 
protein utilization of, 355 
Bang, 528 
Barcroft, 322 
Barcroft and King, 433 
Barley water, use of, in milk, 400 
Barr, see Coleman, 509 
Barrenscheen, 190 
Barringer and Barringer, 165 
Bartmann, 248 
Basal metabolism, see Metabolism, | 
basal. 
Batelli and Stern, 192 
Baths 
cold 
effect of, 506 
and metabolism, table, 143, 144 
hot 


and cold, and metabolism, table, | 


145 
effect upon metabolism, 500 
Baudouin, see Gilbert, 291 
Bauer, 84, 421 
Baumgarten and Grund, 483 
Beans, string, value of, as food, 54 


Beauté, Victor, urinary analysis during | 


fasting, table, 92 
Becker and Hamialidinen, 348 
Beebe, 31, 544 


Beef, Liebig’s Extract, food value of, | 


352 
Beef fat, influence of, on growth, 369 
Beer, absorption of, 355 
Beger, see Morgan, 303 
Begun, Hermann, and Muenzer, 220 
Bellevue Hospital, respiration calor- 
imeter in, description of, 63 
von Benczar and Fuchs, 550 
Bendix, see Schittenhelm, 534 
Benedict, F. G. 
body temperature in men, 113 
cause of specific dynamic action of 
carbohydrates, 295 
cretin in urine of fasting man, 212 
cutaneous excretion, 22 
feces in fasting, 51 
heat production during sleep, 122 
influence of glycogen on protein | 
metabolism in fasting, 72 
metabolism 
in fasting, 88, 97 
and Newton’s law, 122 
in the early days of starvation, 90 
N :S ratio in starvation, 92 
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| Benedict and Carpenter 
description of Atwater-Rosa calor- 
imeter, 63 
loss of water from lungs and skin, 
131 
Benedict and Cathcart 
increase in basal metabolism after 
severe work, 322 
metabolism during bicycle riding, 
320 
Benedict, Cushny, Meltzer, and Lusk 
use of alcoholin medicine, 358 
Benedict and Emmes 
“Darmarbeit,” 232 
heat production of women, 383 
Benedict, Emmes, Roth, and Smith 
normal controls, 127 
| Benedict and Joslin 
cause of specific dynamic action 
of carbohydrates, 295 
energy production in diabetes, 474 
Benedict and Milner 
C : N ratio in man on mixed diet, 
38 
water loss in body on change of 
diet, 272 
Benedict and Murschhauser 
economy in walking and running, 
329 
energy summation from food and 
work during walking, 312 
metabolism of bicycle rider, 331 
| Benedict and Pratt, ‘“‘Darmarbeit,”’ 231 
Benedict and Slack, rectal temperature 
as index of body temperature, 133 
| Benedict and Talbot 
metabolism of infants, 406, 407 
oxidative processes in metabolism, 
62 
Benedict, F. G., see Atwater, 56, 310, 
320, 355 
see Carpenter, 425 
Benedict, S. R. 


uric acid 
he and allantoin in Dalmatian 
hound, 537 
elimination after ingestion of 
caffein, 532 


in fowl’s blood, 543 

in ox blood corpuscles, 549 

| Benedict and Lewis 

D : N ratio in phlorhizinized man, 


455 
| Benedict and Osterberg 
creatinin elimination and celluliy 
destruction, 212 
Benedict, S. R., see Guion, 452 
Benedikt, H., and Torok, B. 
use of alcohol i in diabetes, 480 
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Benjamin, 524 
Benzoic acid 
from cinnamic acid, 183 
from phenyl - § - keto - propionic 
acid, 183 
when eliminated, 185 
Benzol, muconic acid from, 197 
Berg, Du Bois-Reymond, and L. Zuntz, 


333 
Bergell, see Abderhalden, 102, 402 
Berger, 174 
Bergman, see Andersson, J. A., 440 
Beri-beri, 362 
and rice bran, 367 
Bernard, Claude, 132, 445 
Bernstein, Balaffio, and Westenrijk, 
458 
Bertram, 358 
Bicycle riding, 
table, 320, 321 
Bidder and Schmidt 
calculation of heat of metabolism, 
36 
‘“Sntermediary” metabolism, 171 
respiratory exchange after meat, 
223 
urinary nitrogen as index of pro- 
tein destruction, 20 
Bile 
glucose in, after phlorhizin, 451 
in starvation, 105 
Billstrom, see Johansson, 289 
Biochemical interconversions, scheme 
of, 267 
Birds 
uric acid production in, 541 
urine, composition of, table, 541 
Birth, respiratory quotient at time of, 
404 
Bischoff and Voit 
early methods of metabolism cal- 
culation, 24 
feces production after meat in- 
gestion, 48 
gelatin in metabolism, 156 
heat value of metabolism, early 
calculations of, 36 
loss of water in body with change 
of diet, 272 
urea excretion in diet, 153 
Blackfan, see Jackson, 540 
Bladder, infection of, and ammonia in 
urine, 214 
Blatherwick, 217, 361 
see Janney, 456 
see Underhill, 444 
Blauberg, 308 
Bleibtreu, Max, 306 
Bloch, see Abderhalden, 163 


metabolism during, 


INDEX 


| Blood 


Abel’s diffusate, 81 
absorption of amino-acids by, 79 
aceton bodies in, table, 466, 468 
air exchange with, how accom- 
plished, 418 
alcohol in, 356, 357 
alkali reserve of, 221 
alkalinity of, and strychnin con- 
vulsions, 493 
amino-acid 
content after absorption of gly- 
cocoll, 80 
nitrogen in, after plasmapharesis, 
83 
amino-acids in, 80, 82 
after taking meat, 80 
ammonia in, after Eck fistula, 22 
arterial 
and alveolar carbon dioxid ten- 
sion of, 218 
carbon dioxid tension of, after 
hard exercise, 322 
carbon dioxid in, in liver perfusion, 
206 
chicken, uric acid in, 543 
corpuscles in fasting, 106 
diabetic, amino-acids in, 464 
dilution of, after glucose ingestion, 
292 
early views of oxidation within, 19 
effect of 
acidosis upon, 467 
plasmapharesis upon composition 
of, table, 83 
fat : 
in diabetes, 490 
in, during fasting, 107 
after fat ingestion, 251 
during starvation, 249 
first isolation of amino-acids from, 81 
flow, activity of, and body tem- 
perature, 134 
gaseous exchange in, table, 418 
gases in 
anemia, 425 
artificial anemia, 421, 422 
glycolysis, 264 
hemoglobin 
at high altitudes, 435, 436 
in anemia, 424 
in artificial anemia, 423 
hydrogen-ion concentration, 214, 
215 
in acidosis, 468, 498 
influence 
of moderate exercise on, 322 
of neurogenic fever on, 504. 
and respiration, 218 
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Blood 
lactic acid in 
at high altitudes, 433. 


Blum, P. 
glycogen in liver after strychnin 
convulsions, 447 


after moderate exercise, explana- | Boarding school, boys’ 


tion of, 322, 323 
letting 
metabolism after, 421 
nitrogen in urine after, 84 
non-protein nitrogen in 
in arthritis deformans, 547 
in gout, 547 
normal 
alcohol in, 356 
d-lactic acid in, 263 
8-oxybutyric acid in, 250 
uric acid in, 547 
Ox, uric acid in, 543 
oxygen absorbing capacity of, and 
decreased oxygen tension, 432 
oxyhemoglobin and carbon monoxid 
poisoning, 434 
plasma-nitrogen, in fasting, table, 
106 
plethora, artificial effect of, on, 
metabolism, 422 
protein and food protein, 160 
proteins, effect of ingested gliadin 
upon, 160 
reaction 
effect of change of, 219 
how maintained, 208, 214, 216, 217 
of, in severe diabetes, table, 221 
sodium chlorid in, in pneumonia, 
522, 523 


splitting of tributyrin in, by fasting, 


96 
sugar 
in anemia, 421 
colloidal, 451, 462 
diffusibility of, 452 
and environmental temperature, 
145 
after glucose ingestion, 291 
transfusion, effect on diabetes, 484 
urea in 
in nephritis, 495 
after plasmapharesis, 83 
uric acid combined in, 543 
uric acid in 
in gout, 547 
discovery of, 544 
after ingestion of purins, 549 
in lead poisoning, 547 
in nephritis, 547 
Bloor, 250 
Blum, L. 
fate of cystin in body, 198 
oatmeal cure in diabetes, 483 
see Baer, 195 


annual supplies for table, 558 
cost of food at, 558 
distribution of food calories in, 
560 
5 
food supply per meal, table, 558 
nutritional conditions at, table, 


Body, human, efficiency of, 312, 321 
Body temperature 
high, and dissociation of oxyhem- 
oglobin, 433 
in mountain sickness, 433 
Body weight 
and heat production in infants, 
chart, 408 
loss of, in exclusive protein me- 
tabolism, 102 
Boehm and Hoffmann, 449 
| Bolaffio, see Bernstein, 458 
Boldireff, 70 
| Bommes, see Thannhauser, 530, 548 
| Bookbinders, energy requirement, 349 
Boothby, 127 
Bornstein 
protein retention 
on low diet, 154 
during work, 317 
Bornstein and Mueller, 434 
| death after hemoglobin reduction, 
434 
Bostock, Gertrude, 176 
| Bosworth, 400 
| Bowen, see Higley, 325 
| Boycott and Haldane, 433 
| Boys - 
food consumed by, 559 
metabolism 
basal, 550 
of, fat and thin, 129 
| Boys’ boarding school, see Boarding 
i 3 school. 
Brasch, 488 
Brasch and Neuberg, a 
Bread 
imperfectly cooked, feces from, 52 
influence of, upon feces, 49 
nitrogen equilibrium on exclusive 
diet of, 354 
protein, utilization of, 341 
Breithaupt, feces of, in fasting, 51 
Brener and von Seiller, 438 
Brezina, see Toegel, 290, 357 
Brezina and Kolmer 
respiratory euouents during work, 


323 
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Brezina and Reichel 
effect of gradient on metabolism 
and walking and carrying dif- 
ferent loads, 330 


influence of velocity and load in | 


walking on energy required for 
work, 328, 320 
Bright’s disease F 
effect of phlorhizin injections in, 
450 
Broden and Wolpert, 313 
Brown, see Fletcher, 264 
see Mendel, 543 
Brugsch, 93 
Brunton, Lauder, 534 
de Bruyn, Lobrey, and van Eckstein, 
260 
Buergi, 332, 352 
Bunge 
ash of dogs’ milk, 397 
growth and percentage composition 


of milk, 307 
rapidity of growth and longevity, 
416 


Burckhardt, 106 
Burian, source of endogenous purin, 
541 
Burian and Schur 
endogenous uric acid elimination, 
539 
purin content of various tissues, 
541 
Burton-Opitz, 134 
Butter-fat, influence on growth, 369 
Butterfield, 425 
Butyric acid 
from glutamic acid, 462 
$-oxybutryic acid from, 465 


CABBAGE, value of, 54 
Cadaverin, from lysin, 203 
Caffein 
fate of, 532 
influence of, upon basal metabolism, 
553) 554 
uric acid in urine from, 532 
Cahn-Bronner, 276 
Calcium 
absorption of, in growth, 412 
effect of, after parathyroidectomy, 


444 
equilibrium, 358 
excretion in starvation, 92 
hunger, definition of, 69 
influence of, upon growth, 374 
oxid 
daily requirement of, 358, 350 
in diet of Finns, 359 
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Calculi, urinary, discovery of uric acid 
in, 526 
Calliphora, production of fat from pro- 
tein by, 230 
Calorimeter 
of Atwater-Rosa, 44, 56 
in Bellevue Hospital, description of, 
63 
of Rubner, 43 
Calorimetry 
agreement of direct and indirect, 63 
direct and indirect, correspondence 
between, in infants, table, 405 
indirect 
example of calculation, 62 
method of calculation when quo- 
tient is above unity, 307 
in typhoid fever, accuracy of, table, 
517 
Camerer, 308, 412 
Camerer, W., Jr., 403 
Camphor 
elimination of, in urine, 486 
influence of, upon basal metabolism, 
553 
Cane sugar, see Sucrose. 
Cannizzaro reaction, 192, 266 
Cannon, Stohl, and Wright, 440 
Cannon and Washburn, 70 


| Carbohydrate 


acetaldehyd as cleavage 
from, 267, 268 
and alcohol, dynamic action of, 357 
alcohol from, in metabolism, how 
prevented, 268 
conversion of, into fat, 304 
and creatin excretion, 212, 2 
diet and muscle creatin, 213 
digestibility of, 52 
economy of, 288 
effect upon acidosis, 271, 272 
energy from, in nutrition, 258 
and fat 
in metabolism, 
table, 61 
relative value of, for mechanical 
work, 318, 319, 324 
fat from 
reaction, 268, 306 
respiratory quotient of, 306 
function of, in hepatic disease, 493 
glycogen distribution after feeding 
of, 250 
heat of combustion of, 42 
ingestion, 297, 298 
intermediary metabolism, 258 
metabolism, 294 
acid production in, 296, 299 
dynamic aspects of, 302 


product 


13 


calculation of, 
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Carbohydrate 
and nitrogen equilibrium, 277 
nutritional heat of, 42 
partial replacement of, by fat, and 
protein metabolism, 270 
plethora, 302 
protein-sparing, property of, 273, 
274 
and protein 
retention, table, 269, 270 
reduction of, 285, 286, sor, 516 
respiratory 
metabolism of, 289 
quotient of, 29, 58 
specific dynamic action, 237 
cause of, 295 
tolerance in affections of the hypoph- 
ysis, 439 
value of, in diet at high altitudes, 433 
Carbon 
in excreta, Rubner’s experiment, 39 
excretionary, as index of fat metab- 
olism, 40 
non-protein, definition of, 57 
retention after excessive protein 
feeding, 223, 226 
Carbon atom 
asymmetry of, how abolished, 266 
Carbon dioxid 
alveolar tension, 219 
and acid urine, 218 
and arterial blood, 218 
of, at different levels, table, 
432 
of, and respiratory center, 217 
arterial blood tension after hard 
exercise, 322 
bell-jar experiments of Regnault 
and Reiset on excretion of, 23 
in blood, 296 
cleavage 
followed by reduction, 180 
in amino-acid metabolism, 179 
combining power in blood, 221 
elimination 
and diurnal temperature varia- 
tion, curve, 111 
in fasting, 86 
in muscular rest, curve, 86, 
112 
during work, ro9 
after fructose ingestion, 289, 294 
in frog at various temperatures, 


curve, 114 
in guinea-pig: at various en- 
vironmental temperatures, 
table, 135 


during mechanical work, 325 
Carbon monoxid, “diabetes,” 462 


38 


Carboxylase, action of, 267 
Carcinoma 
increased metabolism in, 512 
toxic destruction of protein in, 512 
Cardiac disease 
effect of digitalis upon basal met- 
abolism in, 554 
heat production in, 497 
metabolism in, chapter, 495 
Cardiorenal disease, heat production 
in, 407 
Carlson, 70 
Carlson, Orr, and Jones, 453 
Carpenter, energy requirement for 
typewriting, 349 
Carpenter and Benedict, metabolism of 
man in whom left lung was removed, 
425 
Carpenter and Murlin, metabolism 
during pregnancy, 382 
Carpenter, see Benedict, F. G., 63, 
131 
Carpenters, energy requirements of, 
349 
Cartilage, retention of urates by, 547 
Casein 
comparative value of, in growth, 376 
glucose derivable from, 457 
influence of, upon growth, 370 
specific dynamic action of, 239 
amino-acids from, 239 
Caspari and Loewy, 433 
Caspari, see Zuntz, 330, 435 
Castration, influence of, upon metab- 
olism, 438 
Catabolism, definition of, 20 
Cathartics, effect upon heat produc- 
tion, 232 
Cathcart - 
creatin in urine during fasting, 212 
protein sparing by starch and cream, 
273 
urine in fasting, 93 
Cathcart, see Benedict, F. G., 320, 322 
Cathcart and Green, deposit protein 
after feeding egg albumin, 169 
Cauliflower, value of, as food, 54 
Cecil, 4590 
Cells 
mechanisms for food influences, 303 
optimum nutritive condition, 287 
Cereals, digestibility of, 52 ; 
Cetti, metabolism of, in starvation, 
table, 87 
Chase, see Fine, 549 
Check 
alcohol, definition of, 56 
electric, definition of, 56 
Cheese, ripening of, fat during, 490 


594 


‘‘Chemical regulation,” 233. See Tem- 
perature. 
during mechanical work, 313 
Chemical stimulus and amino-acids, 
245 
Chicken-pox, urine in, 524 
Childbirth, protein. metabolism before 
and after, table, 388 
Children, see Infants. 
energy metabolism of, 407 
growth of, in relation to milk in- 
gested, 410 
heat production and age of, 407 
mineral metabolism of growing, 417 
“summer troubles” and climate, 148 
Childs’ restaurants, caloric value of 
food sold at, table, 563-569 
Chill, effect of, in fever, 511, 512 
Chittenden 
bodily vigor and protein ‘ingestion, 


37 
diet and uric acid elimination, 540 
dietary for soldiers, 345, 346 
mental condition and protein in- 
gestion, 339 
nitrogen equilibrium on low protein 
diet, 279 ; 
physical power and protein inges- 
tion, 318 
Chloral, elimination of, in urine, 486 
Chlorophyll, from pyrrolidin carboxylic 
acid, 203 
Chlorosis 
and ovarian insufficiency, 438 
metabolism in, 424 
Cinnamic acid 
benzoic acid from, 183 
phenyl-f-oxy-propionic acid from, 
183 
“Circulating” protein, 85 
Circulation, disturbances of, and non- 
protein nitrogen of blood, 496 
Citron and Leschke, 510 
Clapp, Charles, 338 
Clark, see Tracy, 210 
Climate 
and racial characteristics, 148 
and work; effect of, upon metabol- 
ism of fat in individual, table, 
314 
effect upon metabolism, 150 
Clothing 
and heat regulation, 148 
influence of, upon metabolism, table, 
149 
during exercise, 313 
Cocoa, effect of, on purin bases in 
urine, 532 
Cod-liver oil, influence on growth, 369 
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Coffee 
effect of 
in fatigue, 325 
on purin bases in urine, 532 
Cohn, 535 
Cold 
exposure to, and glycosuria, 448 
influence of, upon sugar excretion in 
pancreatic diabetes, 457 
in phlorhizin glycosuria, 457 
Cole, see Hopkins, 206 
Coleman, Barr, and Du Bois 
body temperature and heat 
production in erysipelas, 509 
Coleman and Du Bois 
basal metabolism in typhoid, 518 
body temperature 
and metabolism in typhoid, 
507, 500 
measurement in fever, 133 
effect of bodily activity on basal 
metabolism in typhoid, 519 
nitrogen equilibrium in typhoid, 
514 
respiratory metabolism in typhoid, 
517, 520 
Coleman and Gephart, absorption of 
food in typhoid, 520 
Coleman, see Shaffer, 516 
Coma 
and 3-oxybutyric acid, 465 
hydrogen-ion concentration of blood 
in, table, 468 
Compensation theory, 236 
Compounds, carbon,. origin of chemis- 
try of, 20 
Coolen, 452 
Corn and pellagra, 366 
Corn méal, influence of, upon growth, 
370, 374 
Corpora striata, effect of puncture of, 
593 
Cost 
of food 
at boys’ boarding school, 558 
in Childs’ restaurants, table, 563, 
569 
for family in New York City, 
table, 560 
of protein and energy, table show- 


ing, 575 
of United States’ food supply, 557 
wholesale, of food supply for Ger- 
many, table, 557 


‘Cotton-seed oil, influence of, on growth, 


369 
Cramer, 461 
Cramer and Krause, 442 
Crawford, 33 
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Creatin 
action of arginase on, 205 
and carbohydrate metabolism, 212, 
213 
creatinin from, 211 
excretion 
and carcinoma of liver, 212 
and cellular destruction, 212 
of, in fasting, 92, 93 
after parturition, 212 
and phosphorus poisoning, 212 
after removal of uterus, 212 
fate of, ingested, 211 
from guanidin acetic acid, 205 
in muscle with carbohydrate diet, 
213 
in muscles of various species, 211 
occurrence, 211 
in urine, 212 
Creatinin 
co-efficient, 210 
from creatin, 211 
elimination 
and basal metabolism, 211 
constant, 209 
of, exogenous, 210 
in fasting, 92, 93 
on low protein diet, 272 
in phosphorus poisoning, 210 
of, during muscular work, 210, 317 
liver, in production of, 210 
and muscular development, 210 
nitrogen : total nitrogen, 209 
Cremer 
fat from protein, 229 
fat sparing by rhamnose, 488 
glucose from 
glycocoll, 190 
ingested glycerin, 457 
pyruvic acid, 192 
lactose in milk in phlorhizin dia- 
betes, 395 
muscle glycogen after lean meat in- 
gestion, 229 
silicic acid as feces marker, 48 
p-Cresol, excretion of, 207 
Cretin, metabolism of, calorimetric 
observations, table, 442 
Cronheim, 160 
Crying, energy expended by, in in- 
fants, 407 
Csonka, 188, 242 
see Edelstein, 398 
see Janney, 456 
Curare, effect of, upon oxygen absorp- 
tion at various temperatures in dog, 
II5 
Cushing, 438 
Cushing and Goetsch, 439 
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Cushny, A. R., see Benedict, F. G., 358 
Cyanosis, and alveolar oxygen pres- 
sure, 433, 434 
Cystein 
from cystin, 199 
glucose from, 200 
’ influence of, upon growth, 277 
metabolism of, 200 
serin from, 200 
sulphur excretion from, 200 
taurin from, 179, 199 
Cystin 
cystein from, 199 
elimination in cystinuria, 198 
fate of, 198 
glucose from, 1908 
in normal metabolism, 199 
occurrence, 198 
Cystinuria, 198 
cystin elimination in, 198 
induced, 199 
Cytosin, structure of, 527 
Czerny, 497 
Czyhlarz and Fuchs, 491 


DAKIN 

action of arginase, 205 

arginin, 204 

aspartic acid metabolism, 201 

biochemical 
interconversions, scheme for, 266 
relations of amino-acids, 177 

cystein, pathway of destruction in 
body, 200 

excretion of benzoate, 185 

histidin, 205 

homogentisic acid, 196 

leucin, 195 

lysin, 203 

methyl glyoxal, 194 

ornithin, 204 

$-oxy-propionic acid, 183 

phenyl-alanin, 197 


«. phenyl-6-oxy-propionic acid, 183 


prolin, 205 
serin, 198 
tryptophan, 205 
tyrosin, 197 
valin, 195 
Dakin and Dudley 
glucose from 
l-alanin, 191 
methyl-glyoxal and _ |-lactic 
acid, 193 
lactic acid from methyl-glyoxal, 
192, 265 


Dakin and Janney, glucose from pyru- 


vic acid, 192 
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Dakin, Janney, and Wakeman, formic 
acid in urine, 208 
Dakin and Wakeman, production of 
B-oxybutyric acid, 197 
Dakin, see Kossel, 203 
see Wakeman, 466 
Dalmatian hound, uric acid, peculiar- 
ity in, 537 
‘“‘Darmarbeit,”’ experiments on, 231, 
232 
Daval, see Patein, 399 
Davis and Foster 496 
Davis, see Marshall, 165 
see McCollum, 369, 370 
Deamination 
how effected, 176 
hydrolytic, 177 
evidence of, 181, 182 
oxidative, 177 
and CO: cleavage, 179, 180 
of alanin, 178, 179 
probable reaction of, 179 
primary pathway of, 178 
process of, 177 
proof of early, 186 
reversible, 198 
successive stages of, 180, 181 
summary of various means of, 181 
Dean, see Henderson, 158 
Death, cause of, from starvation, 102, 
103, 104 
“Deficiency diseases,” 362 
Degeneration 
fatty, in fevers, 521 
parenchymatous, 521 
Delbrueck, 285 
Denis 
effect of drugs on uric acid in urine 
and blood, 549 
uric acid in blood after ingestion of 
foods rich in purin, 549 
see Folin, 79, 94, 449, 495, 547 
Denis and Means, effect of sodium 
salicylate on uric acid excretion, 549 
‘Deposit’ protein, 84, 169 
and “circulating,” 85 ” 
and tissue protein, 276 
elimination of, 84 
estimation of, 210 
how retained, 287 
in fasting, 85 
Depretz, 34 
Descent, metabolism during, 330 
Development 
energy for, 379 
muscular and creatinin, 210 
physical and protein allowance, 341, 
342 
Dextrose and nitrogen ratio, see D: N. 
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Diabetes, see Glycosuria. 
Allen treatment of, as applied by 
Joslin, 482 
advantages of, 483 
acidosis in, 464, 475 
and extirpation of pancreas, 446 
blood reaction in, how maintained, 
221 
carbon monoxid, 462 
comparison of metabolism of” with 
normal, table, 473 
complete ‘picture of, 470 
definition of, 445 
effect of 
blood transfusion upon, 484 
ingestion of yeast on D : N ratio 
in, 485 
experimental, in various animals, 
D.: N table, 455 
fasting in, 479 
fat deposits in liver and muscles in, 
489 
fate of ingested -oxybutyric acid 
in, 465, 466 
glucose 
and nitrogen excretion after meat, 
172 
from fat in, 457, 458 
from glycerin in, 457 
glycogen from glucose in liver in, 448 
heat production in, 473, 474, 475 
hydrogen-ion concentration of blood 
in, table, 468 
individual variations in, 469, 470 
influence of 
emaciation upon metabolism of, 
table, 476 
on protein metabolism, table, 463 
metabolism 
in, chapter, 445 
of patient while fasting, table, 481 
oatmeal treatment of, efficiency of, 
483 
origin of glucose in, 175 
pancreatic, influence of 
cold upon sugar excretion in, 457 
mechanical exercise on sugar ex- 
cretion in, 457 
pathology of pancreas in, 488 
phlorhizin, D : N in, table, 99 
protein 
and fat alone, in treatment of, 479 
metabolism of, influence of thy- 
roid on, 460 
respiratory quotient, calculation, 470 
. role of thyroid in, 459 
severe 
a case of, 464 
metabolism of, table, 469 
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Diabetes 
severe 
D : N ratios during treatment, 479 
fructose in urine during, 446 
metabolism of, table, 477 
non-protein respiratory quotient 
in, 471 
partition of aceton bodies in, 466 
protein metabolism in, 463, 464 
reaction of blood in, table, 221 
recovery fron, clinical and ex- 
perimental data, chart, 478 
respiratory quotient for fat in, 472 
and starvation, 447 
sugar from 
gelatin in, 156 
protein in, 172 
urinary nitrogen, caloric value of, 471 
use of 
alcohol in treatment of, 480 
fructose in treatment of, 485, 486 
opium in treatment of, 485 
pentoses in, 488 
Dialysis, 82 
Diamino nitrogen, 78 
Diaminuria, 203 
Diazo reaction, from histidin, 205 
Dietaries 
deficient, 364 
hospital, 351 
standard, 350 
Dietrich, see Voeltz, 357 
Diets 
alcoho!-ether extracted, 364 
and altitude, 433 
and content of, 358 
calcium in, 359 
in diabetes, 482 
climate and choice of, 344 
energy distribution in, 345 
for farmers, 348 
in fever, 515 
in gout, 551 
for Finnish peasant, 348 
food values of, 353 
Hindhede’s, 340 
iron in, 360 
for Italian peasant, 342 
for laborer, 335 
for lumbermen, 348 
milk alone, 353 
and milk secretion, 391, 304 
mixed, 42, 239, 280 
normal, 334 
in a poorhouse, 351 
in pregnancy, 384 
purin-free, 540 
chemical comparison of urines on, 
574 


Diets 
protein 
high, 275, 337 
low, 337-347 
when contraindicated, 312, 344 
in thyroid disease, 443 
in various occupations, 346 
water loss from body in changing, 
272 
and work, as factor in, 311 
Digestibility of carbohydrates, 52 
Digestion 
amino-acids, rapidity of, 242, 243 
protein, rapidity of, 242, 243 
Digitalis, influence of, upon basal 
metabolism of, in cardiac disease, 
554 
Dinucleotid, 531 
Dioxyaceton from glycerol, reaction, 
262 
Disaccharids, absence of, in diabetic 
urine, 446 
Diseases, intestinal, elimination of 
fecal nitrogen in, 52 
Diuresis, 231 
D:N 
constancy of, table, 174 
after meat ingestion, 456, 457 
in depancreatized dog, 454 
in diabetes mellitus, 455 
effect of ingestion of yeast upon, in 
diabetes, 485 
in experimental diabetes in animals, 
table, 455 
high, continued in phlorhizin gly- 
cosuria, explanation of after thy- 
roidectomy, 461 
high ratios of, 458, 450 
influencé of metabolism of fat upon, 
457 
after ingestion of various forms of 
protein, table, 456 
after phlorhizin, 454 
in phlorhizin diabetes 


‘te after meat ingestion, table, 172 


in starvation, table, o9 
in phlorhizinized dog, table, 455 
in phlorhizinized man, table, 455 
ratio, explanation of diverging, 461, 
462 
ratios during treatment of a severe 
case of diabetes, 479 
theoretical calculation of, 207 
Dobson, 445 
Dock, 446 
Doerpinghaus, see Abderhalden, 102 
Douglas, Haldane, Henderson, and 
Schneider, 427, 430 
Dox, see Evvard, 374 
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Drugs 
effect of, on uric acid elimination, 
549 
influence of various, on metabolism, 
table, 553 
Du Bois, D., and E. F. Du Bois, 124, 
125 
Du Bois, E. F. 
absorption of food in typhoid fever, 
520 
calorimetric studies in thyroid dis- 
ease, 441 
metabolism of a dwarf after meat 
ingestion, 247 
standards of basal metabolism with 
regard to age and sex, 127 
see Allen, 471, 474, 475 
see Aub, 127 
see Coleman, 133, 597, 509, 514, 517, 
518, 519 
see D. Du Bois, 124, 125 
see Eggleston, 554 
see Gephart, 127, 
381 
see Geyelin, 477 
see Means, 554 
see Meyer, A. L., 424 
see Peabody, 497 
Du Bois and Veeder, heat production 
in a diabetic, 473 
Du Bois-Reymond, R., 333 
and L. Zuntz, 333 


I3I , 247, 290, 


Dudley, see Dakin, I91I, 192, 193, 
205 
Dulong, 34 


Dumas, see Provost, 495 
Durig, see Toegel, 290, 357 
Durig and Grau, effect of electric 
energy on heat production in or- 
ganism, 150 
Durig and Zuntz 
Cheyne-Stokes respiration at high 
altitude, 430 
composition of atmosphere 
high altitude, 427 
effect of climate on basal metab- 
olism, 150 
hemoglobin in blood at different 
altitudes, 432 
metabolism 
at high altitudes, 437 
during mountaineering, 428 
Dwarf, 122, 247; 442 
“Dynamic quota,” of protein, defini- 
tion of, 277 
Dyspnea, effect upon metabolism, 423, 
497 
Dystrophia adiposogenitalis, 
olism in, 438 
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metab- 
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VAN ECKENSTEIN, see Lobrey de 
Bruyn, 260 ; 
Eck fistula, 22, 447, 451 
Edelmann, see Murlin, 473 
Edelstein and Csonka, 398 
Edestin 
comparative value of, in growth, 376 
glucose derivable from, 457 
Edkins, see Langley, 105 
Egg 
heat production in, during incuba- 
tion, 379, 380 
protein of, during incubation, 380 
respiration of, 380 
Egg yolk, influence on growth, 360 
Eggleston and Du Bois, 554 
Eggs, fundulus, heat production in, 380 
Ehrlich, F., 180, 202 
Eijkman, 362 
Einbeck, see Abderhalden, 205 
Elberstadt, 423 
Electric check, definition of, 56 
Elias, 447 
Elias and Kolb, 447 
Ellinger, 205 
Ellinger and Matsuoka, 206 
Emaciation 
factor of, in selection of “normal 
controls,” 476 
heat production during, 406 
influence of, upon metabolism in 
diabetes, table, 476 
Emanations, radio-active, action of, in 
gout, 550 
Embden, lactic acid in liver,. 263 
Embden and Baldes, tyrosin from 
phenylalanin, 195 
Embden, Baldes, and Schmitz, forma- 
tion of lactic acid by red blood cells 
of cattle, 265 
Embden and Engel, aceto-acetic acid 
from }-oxybutyric acid, 466 
Embden, Griesbach, and Schmitz, 
lactic acid formation in tissues, 264 
Embden, Kalderlah, and Engel, lactic 
acid formation in tissues, 264 
Embden and Salomon, D : N ratio in 
depancreatized dogs, 454 
Embden, Salomon, and Schmidt 
aceton bodies from 
leucin, 195 
phenylalanin, tyrosin, homo- 
gentisic acid, and muconic 
acid, 197 
valin, 194 
Embden and Schmitz 
alanin from pyruvic acid, 194 
phenyl-alanin and tyrosin from 
keto-acids, 198 
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Embden, Schmitz, and Wittenberg 
cleavage of glucose and fructose, 
265 

Embryo, influence of pancreas of, after 
pancreatectomy in mother, 453 

Emerson, 569 

Emmes, see Benedict, F. G., 127, 232, 
383 

Endurance in fasting, 97 

- Energy 

for development, 370 

in dietaries for various occupations, 
349 

distributions of, in various dietaries, 
table, 345 ° 

from fat in starvation, 86 

law of the conservation of, 34, 35, 


320 

metabolized in different animals 
from maturity to death, table, 
416 

normal requirement of, in growth, 
415 

“ontogenetic,” 379 

from protein, table showing cost, 
575 

relation of growth to ingested, 410, 
411, 413, 414 

requirement 


of different animals in performing 
same amount of mechanical 
work, table, 327 
in early starvation, table, 90 
in horizontal walking, influence of 
velocity and load upon, table, 
328, 320 
of men of various weights when 
doing light work, table, 334 
in undernutrition, ror 
retention of 
for growth, 412 
in growth 
and relation of fat in diet to, 
eae 
in various animals, 415 
“Energy expenditure,” law of, 413 
Engel, see Embden, 264, 466 
Enzymes 
action of, on nucleic acid, 529, 530 
deaminizing, in purin metabolism, 
$30) $31 
in intestinal mucosa, 258 
oxidizing and. uric acid formation, 
531 
purin 
action of, 533 
in tissues, 533, 534, 535 
in gout, 549 
Epidermis, nitrogen loss through, 22 
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Epinephrin 
and emotional glycosuria, 440 
glycosuria, ease of production of, 461 
respiratory quotient after injection 
of, 460 
Eppinger, Falta, and Rudinger, 458, 
460 
Epstein and Baehr, 448 
Equilibrium, caloric, how maintained, 
239 
Erben, 524 
Erdmann and Marchand, 183 
Erdt, 210 
Eskimos, treatment of scurvy by, 365 
Ether glycosuria, 462 
Ethylen-glycol, from oxy-aldehydes, 
191 : 
von Euler, 269 
Evvard, 345 
Evvard, Dox, and Guernsey, 374 
Ewing, 489 
Exercise, see Work. 
benefits derived from, 333 
hard, carbon dioxid tension in ar- 
terial blood after, 322 
influence of 
clothing upon metabolism during, 


313 
on excretion of purin, 542, 543 
temperature upon metabolism 
during, 313 


mechanical, influence of, 
on sugar excretion 
in pancreatic diabetes, 457 
in phlorhizin glycosuria, 


457, 458 
moderate 
carbon dioxid of alveolar air after, 
322 


hydrogen-ion concentration of 
blood after, 322 
Exophthalmic goiter 
classification in, 443 
conditions in, 440 
metabolism in, calorimetric ob- 
servations, table, 441, 442 
treatment of, 443 
Extractives in milk, 399 


FAGAN, see Lauder, 305 
Falta 
homogentisic acid in alcaptonuria, 
196 
rapidity of destruction of proteins, 
168 
Falta, Grote, and Staehelin 
protein metabolism in depan- 
creatized dogs, 463, 474 
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Falta, Grote, and Staehelin Fasting 
specific dynamic action of ca-| nitrogen 
sein and amino-acids from elimination of 
casein, 239 in dog, 72 


Falta ; 
see Eppinger, 458, 460 
see Neubauer, 196 
Family, cost of food for, in New York 
City, table, 560 
Farkas, 370 
Farmers, dietaries of, table, 348 
Fast 
of Breithaupt, feces in, 51 
of Cetti, feces in, 51 
in dogs, record of, 71 
metabolism data of 31-days’, 96 
“repeated,” protein loss in, 104 
Fasting 
acidosis in, table, 93 
albumin in urine, 92 
amino-acids in tissues during, 82 
ash balance in, table, 98 
bile, 105 
blood 
corpuscles in, 106 
fat during, 107 
plasma nitrogen during, table, 
106 
body temperature during, 111, 112 
calcium excretion, 92 
carbon dioxid elimination in, 86 
creatin excretion in, 92, 93 
creatinin excretion in, 92, 93 
death from, 102 
definition of, 60 
“deposit” protein in, 85 
in diabetes, 479 
effect of temperature upon metab- 
olism in, table, 142 
endurance in, 97 
excretion of ammonia in, 92, 93 
faintness in, 71 
fat 
content of milk during, table, 
393 
in liver during, 249 
on protein metabolism, 100 
in salmon during, 249 
feces in, 48 
gastric juice in, 105 
glycogen, 107, 206 
on protein metabolism, table, 72, 


3 
heat production in, 97 
hemoglobin in, 106 
length of life in, 103 
meat, previous ingestion of, 73 
mental functions in, 97 
metabolism, 89, 95 


in various animals, 86 
_ excretion in prolonged, 91, 97 

$-oxybutyric acid excretion during, 

in obesity, 94 
oxygen absorption in, 86 
pepsinogen in gastric glands, 105 
potassium excretion in, 92, 93 
pulse rate in, 90 
urine 

magnesium and nitrogen, 98 

phosphorus and nitrogen, 92 

sulphur and nitrogen, 92 
weight loss, 105 
work, influence of, 108 


Fat 


aceton bodies from, in organism, 250 
in blood 
in diabetes, 490 
during fasting, 107 
after fat ingestion, table, 251 
during starvation, 249 
of body, how regulated, 250 
and carbohydrate metabolism, cal- 
culation of, table, 61 
from carbohydrate 
in dog, 305 
in geese, 305 
in pig, 304 
reaction, 268, 306 
respiratory quotient of, 306 
carbon from, in excretions, 40 
changes“ in phosphorus poisoning, 
401 
during cheese ripening, 490 
“degeneration,” explanation, 490, 
401 
deposits of, in liver and muscles, 489 
in diet, relation of, to energy reten- 
tion in growth, 415 
disappearance of, after fat ingestion, 
251 
effect upon protein metabolism in 
starvation, table, 100, 101, 103 
energy from, in starvation, 86 
feeding, source of heat production 
after, 254 
glucose from, in diabetes, 457, 458 
and glycogen antagonism, 249 
heat production after ingestion of, 
251, 252, 253 
human, respiratory quotient of, 59 
influence of 
upon ammonia excretion, 222 
environmental temperature upon 
metabolism after feeding, 252 
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Fat 


influence of 
upon feces, 49 
upon growth, 369 
metabolism of, upon D : N, 457 
upon nitrogen equilibrium, 254 
upon nitrogen retention, table, 255 
upon protein metabolism, 248 
ingestion, influence of, chapter, 248 
liver 
influence of carbohydrate upon, 
249 
during starvation, 249 
metabolism 
absence of “secondary rise” in, 
on meat fat diet, table, 256 
dynamic aspects of, 302 
after ingestion of, 251 
of, during work, 109, 318, 324 
in milk, 390 
neutral, /-oxybutyric acid from, 465 
nutritional value 
calculation of, 42 
of, in mixed diet, 42 
oxidation of, 182 
B-oxybutyric acid from, 183, 250 
partial replacement of carbohydrate 
by, and protein metabolism, 270 
plethora, 301 
from protein, 228, 229, 230 
by calliphora, 230 
and protein, iso-dynamic relations, 
257 
replacement of, by lactose in infant 
feeding, 412 
respiratory quotient of, 20, 58 
in severe diabetes, 472 
in salmon during fasting, 249 
sparing by rhamnose, 488 
specific dynamic action of, table, 237, 
252, 301 
sugar from, 472 
during work, 319 
superficial, effect of, upon metab- 
olism of dog, table, 138 
“Fat soluble A,” 363 


Fatigue 


effect of 
alcohol in, 325 
coffee in, 325 
upon metabolism, 322 
oxygen inhalation on, 419 
stimulants in, 325 
tea in, 325 
Fatty acids 
glucose from, 184 
saturated, oxidation of, 183 
’ unsaturated, oxidation of, 183 
Fatty infiltration at high altitudes, 423 


Faulhorn, metabolism during climbing 
of, table, 315 
Feces 
bacteria in, 55 
bacterial nitrogen of, 55 
in rats, 55 
calculation of heat value of, 54 
caloric value of, Rubner’s exper- 


iment, 39 

composition of, on different diets, 
table, 53 

derivation of, from intestinal excre- 
tions, 50 


fasting in human, 51 
of herbivora, comparison with car- 
nivora, 50 
heat of combustion of, 53 
methods of period separation 48 
nature of, 47 
nitrogen of 
in health and disease after cane- 
sugar feeding, 52 
from nitrogen-free food, 51 
normal, definition of, 53 
production of, on meat diet in dog, 


40 
in relation to diet, 49 
undigested residues in, 54 
source of, 49 
starch in, 52 
starvation, 48 
after vegetable and cereal ingestion, 
52 
Feder, 163 
Feeding, infant, milk in, 399, 400 
Fejes, 465 
Fellner, 194 
Fetus, growth of, table, 389 
Fever - 
aseptic 
definition of, 499 
and purin, 523 
body temperature and heat produc- 
tion in, 505, 506, 5090 
causes of, 500, 505, 506, 507 
classification, 499 
continuance of, suggestions regard- 
ing, 510 
definition of, 499 
degenerations in, 521 
diet in, 515 
effect of chill in, 511, 512 
excretion of urea in, 501 
high metabolism in, experiments on 
cause of, 501, 520 
infective, 499, 504 
measurement of body temperature 
in, 133 
metabolism in, chapter, 499 
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Fever 
metabolism in, induced by surra 
trypanosomes, table, 504, 505 
neurogenic 
definition of, 409 
example of, 503 
hydrogen-ion concentration of 
blood in, 504 
perspiration in, 511 
physical regulation of body tem- 
perature in, 510, 511 
physiologic, definition of, 499 
protein metabolism in, 512, 515 
salt retention in, 522 
scarlet, urine in, 524 
toxins in, 509 
typhoid 
absorption of food in, 520 
basal metabolism in, table, 518 
calorimetric studies in, accuracy 
of, table, 517 
carbohydrate on protein metab- 
olism in, table, 516 
heat elimination, relation to pro- 


duction of decrease in, chart, 


508,509, ; 
heat of vaporizartion of water in, 


511 
“high calorie diet” in, 516 


nitrogen balances in, table, 514, 


515 
protein metabolism in, chart, 514 
purin bases in urine from, 524 


specific dynamic action of food in, 


table, 519 

urine in, 523 

water retention in, 522 
Fibrin, glucose derivable from, 457 
Fick and Wislicenus, 315 
Fine, see Myers, 211, 213 
Fine and Chase, 549 
Fingerling, 394 

see Morgen, 303 
Finkler, 421 
Finland, dietaries for farmers in, 348 
Fischer, B., 490 ; 
Fischer, Emil 

d-glucose from d-fructose, 261 

purin, 526 

structure of protein, 75, 175 
Fischler and Kosson, 466 
Fisher, G., and Wishart, 291 
Fiske and Karsner, 221 
Fiske and Sumner, 81 
Fitzgerald, 436 
Flack, see Hill, 419 
Flavor in food, value of, 352 
Flesh, definition of, 153 
Fletcher and Brown, 264. 
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Fletcher and Hopkins, 420 
Folin 
composition of urine on various 
diets, 208 
creatin in urine during fasting, 212 
elimination of creatinin, 210 
reduction of protein metabolism, 273 
Folin and Denis 
acidosis in obesity, 94 
non-protein nitrogen in blood in 
gout, 547 
urea from glycocoll, 79 
Folin, Denis, and Seymour 
non-protein nitrogen in blood, 


495 
Folin, Denis, and Smillie 
emotional glycosuria, 449 
see Alsberg, 199 
Food 
absorption of, 54 
in typhoid fever, 520 
accessories and purin bases in urine, 
532 
acid and base forming, 361 
action of, upon basal metabolism, 
301 
ash content, 360 
bananas as exclusive, 355 
caloric values of, 37 
capacity for digestion of, 344 
cell mechanisms for influence of, 303 
in Childs’ restaurants, caloric value 
of, table, 563-560 
cold, effect upon metabolism, table, 
123 
constituents, retention of, bymother 
and child, table, 389 
consumption during adolescence, 559 
cost of 
for family in New York City, 
table, 560 
2500 calories, 561 
definition of, 152 
distribution of calories in, at boys’ 
boarding school, table, 560 
farinaceous, and scurvy, 365 
flavor, value of, 352 ; 
growth of dogs on low energy in, 


415 

“Sdeal,”’ definition of, 152 

indigestible, value of, 54 

influence of, on uric acid excretion, 
540 

intoxication of, in infants, and am- 
monia excretion, 220 

needed by old men, 351 

nutritive values, 362 

“patent,” value of, 352 

purified, and offspring, 362 
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Food 
relation of growth to, ingested, 410, 
4II, 413, 414 | 
requirement during growth, chapter, 


379 
selection of, influence of appetite on, 
345 
specific dynamic action of, 239, 519 
statistics, municipal, table, 350 
-value of labeling according to con- 
tent, 562 
Food economics, chapter, 555 
importance of, 555 
“Food hormone,” 364 . 
Food labels, improvement of, 562 
Food laws, enforcement of, in Ger- 
many at present time, 556 
Food production in Germany during 
IQI4—1916, 556 
Food requirements of Germany, table, 
556 
Food supply 
for Germany, 555 
per meal in boys’ boarding school, 
table, 558 
United States, cost of, 557 
Food value 
of dietary, calculation of, 353 
of Liebig’s extract of beef, 352 
Food-stuffs 
definition of, 152 
enumeration of, 152 
iso-dynamic quantities of, 37 
Liebig’s original theory concerning 
oxidation of, 20 
ordinary, composition of, 576-584 
purified, influence of, upon growth, 
summary, 370 
rationality of non-nitrogenous mix- 
ture, 275 
specific dynamic action of, chart, 237 
standard values of, Rubner, 42 
Formic acid in urine, 208 
Forschbach, parabiosis and diabetes, 


453 
Forschbach and Severin 
glycosuria in exophthalmic goiter, 


442 
hyperthyroidism and disturbance 
of pancreas, 459 
hypoglycemia in affections of the 
hypophysis, 439 
Forssner, 250 
Forster, 74 
Foster, 445, 496 
see Davis, 406 
Fraenkel and Geppert, 427 
Frank and Trommsdorff, 223 
Frank and Voit, 120 
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Frankel, see Ringer, 201, 202, 203 
Freise, 296 
Frentzel, 108 
Frentzel and Reach, 326 
Freund, E. and O. 
Succi’s nitrogen excretion in star- 
vation, 90, oI 
nitrogen : phosphoric acid ratio in 
starvation, 92 
Freund, H., heat puncture after sever- 
ing cord, 503 
Freund and Marchand, blood sugar 
and Jow environmental tem- 
perature, 145, 457 
piqtre and adrenals, 447 
Friedjung, see Jolles, 398 
Friedmann, 199 
Fries, 421 
see Armsby, 51 
Froelich, see Holst, 364 
Frog 
anaérobic, metabolism of, 420 
elimination of carbon dioxid in, at 
various temperatures, curve, 114 
Fromherz, see Neubauer, 179, 180 
Fromherz and Hermanns, 196 
Fructose 
carbon dioxid output after ingestion 
of, peculiarity of, 289, 294 
fate of, in body, 258 
glucose from, 194, 261 
by liver perfusion, 259 
glycogen from, 448 
ingested, 258 
after injection of, 259 
influence of 
upon glucose tolerance, 486 
in phlorhizin glycosuria, table, 
206 
intermediary products in conversion 
into glucose, 264, 205, 206 
metabolism of, as compared with 
glucose, 290 
methyl-glyoxal from, 194 
urinary, in severe diabetes, 446 
use of, in treating diabetes, 485, 486 
Fruit juices, use of, in scurvy, 365 
Frumerie, 322 
Fuchs and Réth, 460 
Fuchs, see von Benczar, 550 
see Czyhlarz, 401 
von Fuerth 
acetylation in the organism, 199 


chromogen of urochrom, 205 

diaminuria, 203 

effect of glucose upon lactic acid 
excretion in phosphorus poison- 
ing, 263 

lactic acid in tissues, 263 
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Functions, mental, in fasting, 97 
Fundulus, eggs, heat production in, 
380 
Funk, C. 
pellagra statistics in United States, 
366 
vitamins, 363 
yeast vitamins 
and beri-beri, 367 
and polyneuritis, 367 
Funk, C., and A. B. Macallum, energy 
of growth, 414 


GALACTOSE 
fate of, in body, 258 
glucose from, 194 
glycogen from, 258, 259 
leukocytes and, 264 
Galambos and Tausz, 464 
Galeotti, 433 
Gamble, see Palmer, 211 
Garrod, 544 
Garrod and Hele, 196 
Gases 
alveolar, tension of, in acclimated 
individuals, table, 437 
respiratory, heat value of, 62 
Gastric juice in starvation, 105 
Geelmuyden, 446 
Gelatin 
deficiencies in, 157 
endogenous protein sparing by, 283 
glucose derivable from, 156, 457 
glycogen production from, 283 
influence of, in metabolism, table, 
281 
_ metabolism and kynurenic acid, 
206 
as protein sparer in phlorhizinized 
dog, table, 282 
protein sparing action of, 85, 373 
in mixed diet, table, 280 
replacement of protein by, 156, 


157 
sparing power, explanation of, 280, 
281, 283 


Gemelli, 430 
Genter, see Jordan, 393 
Gephart, F. C. 
dietary study of St. Paul’s School, 
558 
Gephart and Du Bois 
basal metabolism of normal con- 
trols, 127 
heat production after ingestion of 
glucose, 290 
increase in metabolism after meat, 
247 
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Gephart and Du Bois 
oxidative process during men- 
struation, 381 
water loss from lungs and skin, 131 
Gephart and Lusk 
analysis and cost of ready-to- 
serve foods, 563 
Gephart, F. C., see Coleman, 520 
Geppert, 425 
see Fraenkel, 427 
Germany \ 
present enforcement of food laws, 
556 
food requirements of, table, 556 
food supply for, 555 
during 1914-1916, 556 
wholesale cost of food supply for, 557 
Gettler, see Sherman, 360, 361 
Gettler and Baker, 495 
Geyelin and Du Bois, 477 
Gibson, 113 
Gies, see Hawk, 421 __ 
Gilbert and Baudouin, 291 
Givens, see Hunter, 367, 536, 537 
Glands, activity of, in starvation, 105 
Glaser, 380 


Gliadin 
effect of ingested, upon blood pro- 
teins, 160 


glucose derivable from, 457 
influence of, upon growth, 375 
Globulin, squash-seed, comparative 
value of, in growth, 376 
Glucose 
absorption and combustion of, 290 
and adrenalin injections, 458 
from d-alanin, 191 
from d-Lalanin, 194 
from l-alanin, 191 
from amino-acids, 184 
rapidity of elimination of, 242 
from arginin, 203, 204 
from aspartic acid, 200, 201 
in bile after phlorhizin, 451 
in blood in anemia, 421 
from casein, 457 
a-colloid in blood, 462 
b-colloid in blood, 462 
from cystein, 200 
from cystin, 198 
in diabetic urine, 446 
from edestin, 457 
elimination of, table, 189 
excretion of, by depancreatized dog, 
after “nutrose”’ feeding, 456 
in diabetes, 457, 458 
effect of ingestion of, upon heat pro- 
duction, chart, 253 
fate of, in body, 258 
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Glucose 
from fat, 3109, 472 
from fatty acids, 184 
ingestion 
effect upon blood sugar, 291 
influence upon 
dilution of blood, 292 
urine volume, table, 291 
from fibrin, 457 
from fructose, 194 
by liver perfusion, 259 
d-fructose from, 260 
from galactose, 194 
from gelatin, 457 
from gliadin, 457 
from glutamic acid, 201 
from glyceric acid, 193 
from glyceric aldehyd, 193 
glyceric aldehyd as intermediate 
metabolite of, reaction, 265 
from glycerin, 457 
from glycocoll, table, 184, 188, 180 
how formed, reaction, 189, 190 
in phlorhizin glycosuria with 
Eck fistula, 451 
from glycogen, 324 
glycogen from 
in diabetic liver, 448 
after injection of, 259 
from histidin, 205 
hydrogen-ion concentration 
utilization of, by heart, 261 
increase in heat production after in- 
gestion of, table, 290 
cause of, 293, 204 
invulnerability of, in diabetes, 261 
from lactic acid, 262 
lactic acid from, proof of, 263 
from d-lactic acid, 191 
from d-l-lactic acid, 191 
from I-lactic acid, 193 
from leucin, 195 
and leukocytes, 264 
from lysin, 203 
from malic acid, 201 
d-mannose from, 260 
metabolism of, 307 
as compared with fructose, 290 
from methyl-glyoxal, 193 
methyl-glyoxal from, 266 
and nitrogen elimination in diabetes, 
table and curve, 173 
optical activity loss in alkaline so- 
lution, 261 
origin of, in diabetes, 175 
from ornithin, 204 
from ovalbumin, 457 
oxidation of, 267 
palmitic acid from, reaction, 268 
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Glucose 
from phenylalanin, 197 
early production from protein, 174 
from prolin, 205 
from protein 
calculation of, table, 207 
quantitative relation, 174 
d-pseudo-fructose from, 260 
from pyruvic acid, 192 
quantities of, from various proteins, 
450, 457 
retention of, 232 
from l-serin, 198 
from serum albumin, 457 
from succinic acid, 202 
and tissue extracts, 264 
from tryptophan, 205 
from tyrosin, 197 
urinary, in anemia, 421, 422 
utilization, effect of parathyroid- 
ectomy on, 444 
from valin, 195 
from zein, 457 
Glucuronic acid, how formed, 486, 487 
Glutamic acid 
from butyric acid, 462 
fate of, 201 
glucose from, 201 
glyceric acid from, 202 
occurrence, 201 
pyrrolidon carboxylic acid from, 
202 
specific dynamic action of, 240, 
241 
succinic acid from, 202 
Glutelin, influence of, upon growth, 373 
Gluten, corn, influence of, upon growth, 
374 
Glyceric acid 
glucose from, 193 
from glutamic acid, 202 
l-lactic acid from, 262 
from I|-serin, 198 
Glyceric aldehyd 
glucose from, 193 
as intermediate metabolite of 
glucose, reaction, 265 
from l-serin, 198 
Glycerol ‘ 
dioxyaceton from, reaction, 262 
glucose from, 457 
Glycinin, soy bean, comparative value 
of, in growth, 376 
Glycocoll 
effect of 
upon metabolism in phlorhizin 
diabetes, table, 244 
upon oxygen absorption under 
normal conditions, 245 
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Glycocoll 

elimination of, 185, 186, 187 

fate of, 184 

glucose from, 184, 188 
how formed, 190 
in phlorhizin glycosuria with 

Eck fistula, 451 

reaction, 189, 190 


table, 189 
glucose and fat, severally and to- 
gether, effect upon metabolism, 


table and chart, 
occurrence, 184 
origin of, 186, 187, 188 
production of, and gelatin, 283 


299, 300, 301 


specific dynamic action of, 240, 
241 
value of, 188 
Glycogen 


alanin from, 194 

from alanin, 191 

in body after carbohydrate inges- 
tion, 2590 

body after phlorhizin injections, 107 

in diabetic liver, 448 

discharge of, and epinephrin, 449 

distribution of, in various organs 
after carbohydrate feeding, table, 
259, 260 

and fat, antagonism, 240 

from fructose, 258, 448 

from galactose, 258, 259 

from glucose, 259 

in heart during starvation, 260 

influence on protein metabolism, in 
fasting, 72, 73 

d-lactic acid from, in liver perfusion, 
263 

and la piqtire, 446 

liver 
discharge of, effect of acids upon, 


447 
effect of hydrazin upon, 494 
metabolism of, after cold baths, 144 
persistence of, in body, 260 
from protein, 171 
removal of, from body, 107 
retention 
and diphtheria toxin, 522 
in hyperthyroidism, 442, 443 
source of, in body, 258 
in starvation, 107, 260 
storage of, and acidosis, 447 
and strychnin on, 107 
sugar from, effect of acid formation 
upon, 324 
Glycollic acid, and specific dynamic 
action, 245 
Glycolysis, explanation of, 264 
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Glycosuria, see Diabetes. 
alimentary, 440, 450 
asphyxial, influence of acids in, 447 
cold and, 448, 457 
“emotional,” 449 
epinephrin, ease of production of, 461 
after ether inhalation, 462 
from exposure to cold, 448 
pancreatic 
observations on partia] removal of 
pancreas in, 453 
specific dynamic action of protein 
in, 474 
phlorhizin, 99, 172, 188, 450 
cold and, 457 
in dogs, D : N, 455 
and Eck fistula, 451 
in, explanation of high continued 
D : N ratios after thyroidec- 
tomy, 461 
glucose from glycocoll with Eck 
fistula, 451 
in, ingested sugar, fate of, 451, 452 
in man, D: N, 4 
metabolism a after 
ectomy, 460, 461 
renal, character of, 450, 451 
specific dynamic action of protein 
in, 474 
spleen extirpation in, 451 
transitory, nature of, 452 
work and, 457 
Glycosurias, classification of, 450 
Glycyl-glycin, urea from, 176 
“‘Glyoxylases,” 193 
Goetsch, see Cushing, 439 
Gogitidse, 394 
Goiter, exophthalmic,. metabolism in, 
chapter, 418 
Goldberger, 366 
Goldbraith and Simpson, 113 
Goldschmidt, see Underhill, 284 
Gout, chapter, 526 
action of, radioactive emanations on, 
550 
dietary treatment of, 551 
differential diagnosis from arthritis, 
547 
discovery of uric acid in blood in, 544 
early description of, 544 
effect of ingestion of nucleoprotein 
on uric acid elimination in, 547 
elimination of injected uric acid in, 
548 
metabolism in, 544 
non-protein nitrogen in blood in, 547 
purin 
enzymes in tissues in, 549 
tolerance in, table, 550, 551 


thyroid- 


Gout 


summary of modern knowledge con- 


cerning, 545, 546, 547 
uric acid 


in blood in, 547 
retention in, 548 
in urine in, table, 548 


Gradient, effect of, upon metabolism, 


during muscular work, 330 
Grafe 
aceton bodies in fasting, 94 


heat production after excessive car- 


bohydrate feeding, 306 
metabolism 

in leukemia, 424 

in stupor, 438 


oyxgen absorption after glycocoll in- 


gestion, 245 


protein sparing with ammonium 


citrate, 284 


respiratory metabolism in typhoid, 


S17 


specific dynamic action after giving 


amino-acids, 247 


Grafe and Graham, metabolism after 


meat ingestion, 130 


Grafe and Schlaepfer, synthetic pro- 


duction of protein, 284 


Grafe and Turban, protein sparing 


with urea, 284 
Graham and Poulton, sor 
Graham, see Grafe, 130 
Graham, Sylvester, 338 
Grain 


influence of various kinds of, upon 


growth, 370 

unmilled, and scurvy, 365 
Grau, see Durig, 150 
Green, see Cathcart, 169 
Greene, 249 
Greenwald, 455 
. Griesbach and Oppenheimer, 176 
Griesbach, see Embden, 264 
Grimmer, 391 
Groebbels, 355 
Grote, see Falta, 239, 463, 474 
Growth 


and alcohol-ether extracted diet, 364 


calcium in, 412 


capacity for, and stimulation of 


metabolism, 413 


in children, relation of, to milk in- 


gested, 410 
of dogs on low energy diet, 415 


energy retention in, and relation of 


fat in diet to, 415 
of fetus, table, 389 


food requirement during, chapter, 
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Growth 
impulse of, in pigs and rats, 368 
influence of 
accessory substances upon, 369 
almond oil on, 369 
beef fat on 369 
butter fat on 369 
calcium upon, 374, 412 
casein upon, 370, 376 
cod-liver oil on, 369 
cornmeal upon, 370, 374 
cotton-seed oil on, 369 
cystein on, 377 
edestin on, 376 
egg yolk on, 369 
entire wheat kernel upon, 370 
gliadin upon, 375 
glutelin on, 373 
lactalbumin in, 376 
lard on, 369 
lysin upon, 372, 375 
milk upon, 374, 377 
milk salts on, 374 
oats upon, 370 
olive oil on, 369 
organic phosphorus on, 371 
proteins, diverse, upon, 376 
purified food-stuffs upon, sum- 
mary, 370 
rye upon, 370 
soy bean glycinin in, 376 
squash-seed globulin in, 376 
‘tryptophan upon, 372 
various grains upon, 370 
water-soluble vitamins on, 368 
wheat proteins upon, 370, 375 
zein upon, 372 
law of, 413 
normal energy requirement in, 415 
rapidity of, and longevity, 416 
in rats, capacity for, when lost, 375 
relation of, to ingested energy, 410, 
4Il, 413, 414 
retention of 
energy in, 412 
in various animals, 415 
protein in, 403 
specific vitamins for, 367 
studies on, 368, 360, 370 
of suckling pigs, relation of, to milk 
ingested, table, 410, 411 
uniform, tendency toward, 412 
value of various proteins in, table, 
378 


“Growth quota’ of protein, definition, 
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Gruber, 163 
Grund, 487 


see Baumgarten, 483 
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Guanase Hasselbalch 
action of, 533 effect of 


occurrence of, 533 
Guanido-acetic acid, action of ar- 
ginase on, 205 
Guanidin acetic acid, creatin from, 205 
Guanidin nucleus in amino-acids, 204 
Guanin 
from guanosin, 529 
structure of, 527 
Guanosin 
fate of, injected, 539 
guanin from, 529 
from guanylic acid, 529 
hydrolysis of, 529 
d-ribose from, 529 
xanthosin from, 530, 531 
Guanylic acid, 528 
guanosin from, 529 
hydrolysis of, 529 
Gudzent, 550 
Guernsey, see Evvard, 374 
Guion, C. M., and Benedict, S. R., 
452 


HAAS, 164, 190 
Hagemann, 386 
Hahn, Massen, Nencki, and Pawlow, 
536 
Hair 
of dog, nitrogen excreted in, 22 
effect of 
upon heat production in dog, 
table, 137 . 
on metabolism in rabbits, 138 
and heat loss, 136 
human 
growth of, 22 
nitrogen in, 22 
Haldane and Priestley, 217 
Haldane, see Boycott, 433 
see Douglas, 427, 430 
Halsey, 195 
Hamaldinen and Helme, 168 
Haméalainen, see Becker, 348 
Hanriot and Richet, 86 
Hansen, see Henriques, 133, 158 
Hari 
effect of blood plethora upon metab- 
olism, 422 
heat in protein hydrolysis, 79 
Hari and von Pesthy, effect of cold 
milk upon metabolism, 123 
Harrold, see Lee, 324 
Hart and Humphrey, 394 
Hart and McCollum, 374 
Hart, see Steenbock, 219 
Hartogh and Schumm, 457 


hydrogen-ion concentration of the - 
blood upon respiration, 218 
ultra-violet rays on respiration, 
150 
metabolism of new-born infants, 404 
metabolism during pregnancy, 384 
respiration of eggs during incuba- 
tion, 380 
Hasselbalch and Lindhard 
effect of 
sun’s rays on respiration, 150 
ultra-violet rays of the sun upon 
metabolism, 429 
metabolism at low atmospheric 
pressure, 428 
Hawk, 162 
Hawk and Gies, 421 
Hawk, see Howe, 71, 104 
see Sherman, 170 
Heart 
glucose utilization by, and hydro- 
gen-ion concentration, 261 
glycogen in, during starvation, 260 
Heart-beat, reduction of, Ae low tem- 
perature, 116 
Heat 
animal 
Depretz’s experiment on, 34 
Dulong’s experiments on, 34 
Lavoisier’s experiments on, 33 
of combustion 
of carbohydrates, 42 
of fats, 42 
of human feces, 53 
comparison of direct and indirect, 
in metabolism, 43 
elimination in typhoid fever, chart, 
relation to: heat production, 508, 
500 
extraneous, and metabolism of foods, 
150 
loss 
by conduction and radiation, 131 
distribution of, after meat inges- 
tion at various and environ- 
mental temperatures, table, 235 
and environmental temperature, 
131 
protection against, 136 
by vaporization of water, 131 
and wind, 145 
manner of loss, 131 
at different temperatures, chart, 
141 
and environmental temperature, 
table, 140 
mechanical equivalent of, 34 
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Heat 
from metabolized protein and fat, 
method of calculation, 41 
production of, in fasting, 97 
prostrations, conditions for, 148 
regulation and clothes, 148, 149 
Rubner’s table of direct and indirect, 
in metabolism, 43 
of sun and body temperature, 149 
value of feces, calculation of, 54 
of vaporization of water in fever, 511 
Heat production 
and age of children, 407 
in artificial anemia, 422 
and body temperature in fever, 
595, 506, 509 
and body weight in infants, chart, 
408 
in cardiac diseases, 497 
in cardiorenal disease, 497 
cause of increase in, after car- 
bohydrate, 297, 298 
in climbing Pike’s Peak, 431 
comparison of, with energy of 
metabolism in mountaineering, 
330 
of cretin, table, 442 
of curarized dogs after protein, 246 
in diabetes, 473, 474, 475 
effect of 
agar-agar upon, 232 
cathartics upon, 232 
_ feeding glucose plus fat upon, 
chart, 253 
hair upon, in dog, table, 137 
urea ingestion upon, 231 
water ingestion upon, 231 
in egg during incubation, 379, 380 
during emaciation, 406 


and environmental temperature,: 


table, 137 

in exophthalmic goiter, table, 442 

fasting in phosphorus poisoning, 
401 

in fundulus eggs, 380 

increase in, after glucose ingestion, 
290 

increased, influence of, upon wear 
and tear quota of protein 
metabolism, 501, 502 

of an infant and environmental 
temperature, 404 

influence of 
lactation upon, 383 
sciatic and sympathetic nerves 

on, in curarized dog, 115 

after ingestion of fat, 251, 252, 253 

in nephritis, 496 

of new-born infant, 383 
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Heat production 
in normal adult men, table, 127 
and protoplasmic mass, experi- 
ment on, 130 
“secondary” rise in, 233 
of silkworm larve during devel- 
opment, 379 
source of, after fat ingestion, 254 
summation of, during mechanical 
work, 311, 312 
and surface area, charts, 128, 409 
in various resting animals, table, 
I1Q, 122 
Hefter, 548 
Heidenhain, 132 
Heijl, see Johansson, 289 
Heilner, 162 
Heineman, 319 
Hele, see Garrod, 196 
Helle, Mueller, Prausnitz, and Poda, 
393 
Hellsten, 324, 325 
Helme, see Hamaldinen, 168 
Helmholtz, 35 
Hemoglobin 
in anemia, 424 
in artificial anemia, 423 
in carbon monoxid. poisoning, 434 
composition of, in anemia, 425 
in fasting, 106 
at high altitudes, 435, 436 
from “pyrrolidin carboxylic acid, 203 
Hemorrhage, see Blood-letting. 
Hemp-seed oil, influence of, upon lac- 
tation, 394 
Henderson, Lawrence J. 
acid and the base balance in the 
body, 215 
loss of optical activity of glucose, 
261 
Henderson, L. J., and Palmer 
acid elimination in nephritis, 496 
acid formation in the organism, 


257 
hydrogen-ion concentration of 
urine, 217, 361 


Henderson, Yandell, and Dean, 158 
Henderson, Yandell, see Douglas, 427, 
430 
Henriques 
gaseous exchange in the blood, 418 
metabolism of a hedge-hog after 
hibernation, 116 
nitrogen equilibrium with com- 
pletely hydrolyzed protein, 159 
Henriques and Anderson 
nitrogen retention after injection 
of hydrolyzed meat, 161 
protein sparing by urea, 284 
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Henriques and Hansen 
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Hogan, 374 


nitrogen equilibrium with hydro- | Holst, 365 


lyzed casein, 158 
surface temperature at different 
depths of a hog’s back, 133 
Hensel and Riesser, 197 
Hepatic disease 
function of carbohydrates in, 493 
nitrogen equilibrium in, 493 
Herbivora, feces, 50 
Hermann, 40 
Hermanns, see Fromherz, 196 
Herring, 200. See Simpson, 116 
Herrmann, see Begun, 220 
Herxheimer, 358 
Hess, 365 
Heubner, 403, 404 
see Rubner, 399, 401, 403, 412 
Hexoses, intermediate substance in 
d-lactic acid production from, 264 
Hibernation 
metabolism during, table, 116 
pituitary gland during, 439 
Hiddings, see Murschhauser, 140 
Higgins, 219 
Higgins and Means, 553 
Higley and Bowen, 325 
Hilditch, see Mendel, 545 
see Underhill, 444 
Hill and Flack, 419 
Hindhede 
low protein dietary, 340 
nitrogen balance after various forms 
of bread, 341 
utilization of potato protein, 341 
Hippuric acid 
elimination of, 185 
formation of, 182, 185 
Hirsch, Mueller, and Rolly, 503 
Hirsch and Reinbach, 449 
Hirschfeld, 342 
Hirz, 491 
His, 550 
Histidin 
diazo reaction of, 205 
fate of, 205 
glucose from, 205 
occurrence, 205 
B-oxybutyric acid from, 205 
and urochrom, 205 
Hoagland, see McCollum, 187 
von Hoesslin, 515 
Hoffmann, see Boehm, 449 
Hoffstroem, 389 
Hofmeister 
“accessary food-stuffs,” 363 
alimentary glycosuria in the fasting 
organism, 447 
structure of protein molecule, 175 


Holst and Froelich, 364 
Homans, 488 
Homer, 206 
Homogentisic acid 
aceton bodies from, 197 
formation of, 196 
origin of, in alcaptonuria, 195, 1906 
from para - oxy - phenyl - pyruvic 
acid, 178 
from phenyl-alanin, 178, 195, 196 
from tyrosin, 178, 195, 196 
Honjio, 190 
Hoobler, 245 
see Murlin, 407 
Van Hoogenhuyze and Verploegh, 210, 
317 
Hopkins, F. G. 
accessory factors of diet, 363 
growth with a synthetic food, 368 
relation of growth to energy of diet, 
414 
see Fletcher, 420 
see Willcock, 372 
Hopkins and Cole} 
isolation of tryptophan, 206 
Horbaczewski, 531 
‘‘Hormones”’ 
“exogenous,” 378 
“food,” 378 
Hornemann, 358 
Hospital, dietaries, table, 351 _ 
Howe and Hawk, 104 
Howe, Mattill, and Hawk, 71 
Howell, 79 
Howland 
calorimetric observations upon in- 
fants, 405 
metabolism of the sleeping infant, 
122 
Howland and Marriott 
acidosis in infants, 407 
ammonia excretion after 
phosphate ingestion, 222 
effect of hydrochloric acid in diet, 
220 
Humidity 
and environmental temperatures, 
effect upon body temperature, 
table, 147 
and metabolism, 139, 140 
and temperature, influence upon 
metabolism, table, 147 
Humphrey, see Hart, 394 
Hunger 
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350, 357 
Inulin, nutritive value of, 54 
Iron 
in American dietaries, 360 
daily requirement of, 359 


in milk, 398 
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carbon dioxid elimination in me- 
chanical work, 325 
Johansson, Landergren, Sondén, and 
Tigerstedt 
fecal production in fasting, 


51 
metabolism of J. A. in star- 
vation, 87 
Jolles and Friedjung, 308 
Jonas, see Ringer, 201, 202, 203 
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Kermauner, 52 
‘‘Keto-aldehyd mutase,” 193 
Keto-glutaric acid, succinic acid from, 
202 
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fate of, 195 
glucose from, 195 
occurrence, 195 
$-oxybutyric acid from, 195 
Leukemia, 424 
excretion of uric acid in, 547 
lymphatic 
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amino-acids, 176 
glucose in bile after phlorhizin, 451 
on guanase and adenase, 533 
Levene and Jacobs 
formula for nucleic acid, 520 
guanylic acid and nucleic acid, 528 
Levene and Kober 
urea excretion after amino-acid 
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P.O; retention in convalescents, 286 
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experiments on Rubner’s theories of 
specific dynamic action, 240 
extra Sugar in urine in diabetes 
after cold, 457 
after tetanus, 107 
after work, 457 
gelatin as protein sparer, 282 
glucose from 
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purified food-stuffs upon growth, 
370 
protein in diet and bodily vigor, 


337 
value of various proteins in growth, 


377 
Mendel and Brown 
uric acid excretion after ingestion 
of meat, 543 
Mendel and Hilditch 
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during climbing of the Faulhorn, 
table, 315 
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cold food, influence of, table, 123 
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in dystrophia adiposogenitalis, 438 
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table, 504, 505 
gelatin, 281 
of glucose, as compared with fruc- 
tose, 294, 302 
of glycocoll 
with glucose and fat, 299 
in phlorhizin diabetes, 244 
glycogen, 72, 89 
in gout, 544 
hair, influence upon, 136, 138 ~ 
at high altitudes, chapter, 418, 420, 
431, 437, 438 
on summit of Monte Rosa and 
Col d’Olen, 429 
during work, 429 
hourly increase in, after meat, 223, 
247 
and humidity, 139, 140 
hydrazin on, 494 
hypopitutarism with accompanying 
obesity, 438 
in ichthyosis hystrix, effect of high 
environmental temperature upon, 
500, 501 
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increase 
after cane sugar feeding, duration 
of, 289 
in carcinoma, 512 
in diabetes, acidosis as cause of, 


after hard work, cause of, 322 
during speed, 320, 330 

of an infant, table, 402 

intermediary, of carbohydrate, chap- 
ter, 258, 260, 307 

internal secretions on, 438 

of J. A. in starvation, table, 88 

and kynurenic acid, 206 

in leukemia, 424 
lymphatic, 425 

of lumbermen, 320 

during menstruation, 381 

mineral, of growing children, table, 
4l7 

minimum, 110 

in myxedema, chapter, 418, 443 

in nephritis, chapter, 405, 496 

nitrogen 
of different animals in starvation, 

table, 86 
influence of work upon, of fasting 
dogs, table, 108 

of Succi during work, 109 

normal, cystin in, 199 

of a normal and diabetic man, com- 
parison of, table, 473 

obese and thin, comparison of, table, 
250, 257 

osmosis upon, 293 

and oxygen, pure, 419 

before and after parturition, 382 

in pernicious anemia, 424 

in phlorhizin glycosuria after thy- 
roidectomy, 460, 461 

in phosphorus poisoning, chapter, 


5 
of pigeon without feathers, 138 
posture upon, 331 
during pregnancy in dogs, table, 385 
of prematurely born infants, 390 
protein 
and amino-acids, 78, 79 
in anaphylaxis, 161 
in artificial anemia, 421 
character of, during muscular 
work, table, 316, 317 
before and after childbirth, table, 
388 
conditions of, 288 
deposit and, 245 
in diabetes, influence of thyroid 
on, 460 
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protein respiratory 
and diminished atmospheric pres- and atmospheric pressure, 428 
sure, 427 of carbohydrate, chapter, 289 
effect of influence of protein food, chapter, 
fat upon, in starvation, table, 223 
100, IOI, 103 “secondary rise” in, on meat-fat 
partial replacement of carbo- diet, 255 
hydrate by fat upon, 270 and seasickness, 150 
endogenous, 209 of severe diabetes, table, 460 
ammonium acetate as sparer of, table, 477 
283 during sleep, 109, 110 
ammonium chlorid as sparer of,| in starvation of man, general table 
284 Of, 00ne 
ammonium citrate as sparer of,| stimulation of, and capacity to grow, 
283 413 ; 
gelatin as sparer of, 283 and strain, physical, 322 
urea as sparer of, 284 in stupor, 438 
excess of, 223 and surface area, 122 
exogenous, 209 and temperature, 117, 135, 147, 234, 
in fever, action of protein and car- 502 
bohydrate ingesta on, sor a theory. of, 301 
glycocoll stage of, 188 and thyroid, 400, 439 
indexed by nitrogen elimination,| of trioses, 262 
167 in typhoid fever, table, 514 
influence of influence of carbohydrates on, 
carbohydrate on, table, 269, 270 table, 516 
diabetes upon, table, 463 and ultra-violet rays, 429 
fat upon, 248 Voit’s views of, 45 
intermediary, chapter, 171 and water drinking, 162 
and kynurenic acid, 206 wear and tear, effect of high body 
loss of body weight in exclusive, temperature and increased heat 
102 : production on, 501, 502 
lower limit of, compatible with} wind upon, table, 146 
life, 282 during work, 315, 317 
in man, effect of high environ-| work, effect of mechanical, 109, 300, 
mental temperature upon, table, 310, 331 ; 
502 Metal workers, energy requirements of, 
means of determining, 40 349 
minimal, definition of, 275 Methyl-glyoxal 
nitrogen of urine and feces a from fructose, 194 
measure of, 22 glucose from, 193, 266 
in phlorhizin glycosuria and dia-| interconversion of tautomeric forms, 
betes mellitus, 452, 453 104 
in phosphorus poisoning after| lactic acid from, 192, 193, 264, 265 
phlorhizin, 492 Metric and avoirdupois weights, com- 
in pneumonia, table, 520 parison, 574 
during pregnancy, 387 Mettenleiter, 322 
and protoplasmic mass, 123, 406 Mettler, see Sherman, 359 
purin, chapter, 526 Meuenzer, 221 
and radium emanations, 550 Meyer, A. L., 206 
reduction by carbohydrate, cause} see Peabody, 407 
of, 285, 286 Meyer and Du Bois, 424 
after reduction of serum protein, | Meyer, Erich, see Langstein, 196 
83 Meyer, G. M., see Levene, 176, 192, 
reduction of, during hibernation, 116 264, 265, 267 
relation of see Van Slyke, 80, 81, 82 
oxygen to, 28, 30, 31 Michaelis, 214 


protein to total, in starvation, 85 see Rona, 161 
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Michaelis and Kramsztyk, 217 
Miescher 
circulating protein during starva- 
tion, 75 
fat in salmon during spawning, 249 
origin of purins in metabolism, 539 
Milk 
absorption of ash constituents of, 
table, 398 
alcohol in, 397 
amino-acids in different kinds of, 
400 
barley water in, 400 
caloric value of, 385 
composition of, 399, 412 
and diet, 391, 395 
‘and growth of organism, table, 398 
diet, utilization of, 353, 354 
distribution of calories in, 399 
extractive substances in, 399 
fat 
content of, during fasting, table, 


393 
influence of linseed oil upon, 394 
as a food, 354 
for growth, 374, 410 
human 
caloric value of, 401 
comparison with cows’, 399 
composition of, 400 
in infant feeding, 399, 400 
iron in, 398 
modified, gor 
nitrogen and urinary nitrogen, 391 
in obesity, 354 
parental, value of, 397 
pasteurized, and scurvy, 365 
powder, absorption of, 354 
in pregnancy, as food, 390 
proteins 
biologic value of, table, 374 
comparative value of, for growth, 
375) 379; 377 
secretion of, in starving goats, 106 
theories regarding formation of, 395, 
396 - 
utilization of, table, 399 
value of, 350 
Miller and Jones, 549 
Milner, see Benedict, F. G., 38, 272 
Minkowski 
diabetes after pancreatectomy, 446 
D : N ratio in depancreatized dog, 
454 . 
fructose in depancreatized dogs, 485 
hypoxanthin in dog, 535 
ingrafted pancreas in pancreatic 
' diabetes, 453 
liver extirpation in geese, 541 
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Minkowski 
liver glycogen in depancreatized 
dogs, 448 
summary of knowledge of gout, 
545 
treatment of gout, 551 
urates in gout, 549 
uric acid excretion after hypo- 
xanthin ingestion, 532 
see von Mering, 446, 453 
Mitchell, see Mendel, 534 
Mituch, see Tangl, 380 
Miura, 461 
see Kumagawa, 71 
Moeller, 52 
Mohr, 523 
Moleschott, 22 
Mononucleotid, 529 
Moore and Parker, 306 
Morgen, Beger, and Fingerling, 393 
Morgen, Beger, Fingerling, and West- 
hauser, 393 
Moritz 
alimentary glycosuria 
after glucose, 440 
after champagne, 450 
milk in treatment of obesity, 354 
see Klein, 222 
Morse, 212 
Mosenthal, H. O., 481 
Mosenthal and Richards, 495 
Mosse, 430 
Mother and child, relative weights of, 
during pregnancy, 381 
Motion and life, 32 
Moulton, 130 
Mountain air, beneficial properties of, 
438 
Mountain climbing, 229 
effect of training in, 427, 431 
persistence of acidosis after, table, 
434 : 
Mountain sickness, body temperature 
in, 433 
Muconic acid 
aceton bodies from, 197 
from benzol, 197 
Mucosa, intestinal enzymes in, 258 
von Mueller, Friedrich 
ammonia excretion and acid forma- 
tion, 214 
cause of toxic destruction of protein 
in pneumonic phthisis, 513 
composition of feces after bread in- 
gestion, 52 
feces production after meat inges- 
tion, 49 
metabolism in exophthalmic goiter, 
441 
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von Mueller, Friedrich Muscle 
toxic destruction of protein and liver, relation of absorbed 


in carcinoma, 512 
in fevers, 513 
von Mueller and Seemann 
origin of sugar in diabetes, 172 
von Mueller, see Bornstein, 434 
see Helle, 393 
see Hirsch, 503 
see Lehmann, 51, 59 
see Zuntz, 330, 435 
Muenzer, 468 
see Begun, 220 
see Loewy, 219 
Munk 
luxus consumption of protein, 336 
metabolism of bones in starvation, 
02 
nitrogen excretion in fasting, 90 
see Lehmann, 51, 59 
Murlin 
alkali therapy in diabetes, 485 
creatin in urine in pregnancy, 212 
metabolism of pregnant dog, 384 
protein sparing by gelatin, 280 
Murlin and Bailey 
ammoniacal fermentation 
bladder irrigation, 214 
composition of urine in pregnancy, 
384 
Murlin, Edelmann, and Kramer 
interpretation of respiratory 
quotient, 473 
Murlin and Hoobler 
energy metabolism of children, 407 
Murlin and Kramer 
effect of alkali upon glucose 
oxidation in  depancreatized 
dogs, 485 
specific dynamic action of protein 
in depancreatized dog, 474 
Murlin and Lusk 
ammonia elimination during car- 
bohydrate metabolism, 296 
specific dynamic action of fat, 252 
Murlin, see Bailey, 404, 406 
see Carpenter, 382 
see Underhill, 494 
Murschhauser, 135 
see Benedict, F. G., 312, 320, 331 
see Schlossmann, 403, 404 
Murschhauser.and Hiddings, 140 
Muscle, beef, caloric value of, 39 
Muscle, see Work. 
creatin in, 211 
human, ash of, 98 
lactic acid in, under abnormal con- 
ditions, 264, 420 
under normal conditions, 263 
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amino-acids, 81 
Mushrooms, nutritive value of pro- 
teins of, 54 
Mutarotation 
action of acid upon, 261 
phenomenon of, 260 
Myers and Fine, 211, 213 
Myers, V. C., see Mendel, 528 
Myxedema 
condition in, 440 
metabolism in, 418, 443 


NAILS 
excretion of nitrogen in, 22 
growth of, 22 
Naunyn, 541 
fatty degeneration in fever, 521 
treatment of diabetes, 479 
Nebelthau 
effect of severing cord, 509 
heat 
loss in fever, 510 
retention and temperature in- 
crease, 507 
Nef 
interconversions of methylglyoxal, 
104 
products of sugar cleavage, 260 
Nelson, see Mathews, 81 
see Steenbock, 210 
Nencki, see Hahn, 536 
Nephritis 
acidosis in, 496 
metabolism in, 496 
non-protein nitrogen in blood in, 495 
salt in perspiration in, 496 
urea in blood in, 405 
uric acid in blood in, 547 
Neubauer, O. 
fructose in diabetes, 486 
interconversion of aceton bodies in 
the body, 465 ’ 
process of deamination, 177 
wine in treatment of diabetes, 480 
Neubauer and Falta 
homogentisic acid in metabolism, 
196 
Neubauer and Fromherz 
oxidative deamination, 179 
yeast on p-oxy-phenyl-pyruvic acid, 
180 
Neuberg, Carl, 269 
action of 
carboxylase, 267 
yeast zymases upon glycol, 191 
i-arabinose in pentosuria, 487 


INDEX 623 
Neuberg, Carl Nitrogen 
d-glucose from d-l-alanin, 193 in excreta 


- lactic acid from methyl-glyoxal, 192 
264, 265 
Neuberg and Langstein 
glycogen and lactic acid from 
alanin, 191 
Neuberg and Rewald 
glycocoll from glycollic acid, 190 
origin of methyl groups in lactic 
acid and alcohol, 193 
Neuberg and Ringer 
succinic acid from Eee etoteric 
acid, 202 
Neuberg, see Albu, 358 
see Brasch, 462 
Neutrality, 214 
Nightingale, 366 
Nitrogen 
amino-acid in blood after plasma- 
pharesis, 83 
assimilable, how determined, 335 
in bacteria, 55 
balance in pregnant dog, table, 386 
balances in typhoid fever, 514 
in blood plasma in fasting, table, 
106 
caloric value of urinary, 38 
in diabetes, 471 
in cattle and surface area, 130 
in cutaneous excretions of man, 22 
and dextrose in phlorhizin diabetes, 
table, 99 
elimination 
of, in fasting dog, 72 
as index of protein metabolism, 
167 
influence of previous high protein 
diet upon, table, 275 
after water drinking, 162 
equilibrium, 20, 152 
on bread alone, 354 
on calorie-poor diet, 154 
without carbon equilibrium, 154 
definition of, 153 
with digested mixtures, 
with gelatin plus deficiencies, 157 
in hepatic disease, 403 
and increasing quantities of meat, 
table, 155 
influence of 
carbohydrate upon, 155, 277 
fat upon, 254 
low level of, in undernutrition, 
table, 279 
minimal protein requirement for, 
153, 277, 336 
with pure mixed amino-acids, 159 
and tryptophan, 159 
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in epidermis of dog, 22 
in feces, 39, 47, 51 
in hair of dog, 22 
in human hair, 22 
in nails, 22 
in sweat, 22 
in urine 
in diabetes, 173 
elimination as urea, 20, 165 
in fasting, 86, 90, 97 
Siege 169 
and magnesium, 98 
after meat, per hour, 164 
and milk nitrogen, 391 
partition, 209 
and phosphorus, 167 
in pregnancy, 386 
in sleep, 110 
and sulphur, 92, 167 
temperature, influence of, 137 
work, influence, 108 
non-protein 
in blood, 496 
in arthritis, 547 
in gout, 547 
retention, 255, 286 
at high altitudes, 435 
in nephritis, 495 
in pregnancy, 386 
Holt see Reilly, 107, 156, 172, 455, 
463 
Non-protein nitrogen, see Nitrogen. 
Non-protein respiratory quotient, 60 
von Noorden 
cases of severe diabetes, 484 
effect of opium on sugar production 
in severe diabetes, 485 
excretion of aceton bodies during car- 
bohydrate metabolism, 469 
fructose 
in intermediary metabolism, 486 
in urine in severe diabetes, 446 
glycolysis, 264 
metabolism in phlorhizin glycosuria 
after thyroidectomy, 460 
von Noorden and Schleip 
tolerance test in gout, 550 
‘Normal controls,’ 127 
emaciation as a factor in selection 
of, 476 
heat production of, table, 127 
selection of, for comparison with 
diabetics, 475 
Nucleic acid 
cleavage of, 527, 529 
structure of, 529 
Nucleinase, 529 
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Nucleo-protein Osborne 2 ; 
as food in gout, 547 concerning crystalline vegetable pro- 
uric acid from, 531 teins, 77 


Nucleosid, 5209 
Nucleosidase, action of, 530 
Nucleotid, 529, 531 
Nucleotidase, 529 
Nutrition 
definition of, 69 
development of science of, 18 
reform in, Rubner’s ideas of, 570 
“Nutritive decline’ on zein food, 
chart, 373 
‘‘Nutrose”’ 
glucose from, 456 
specific dynamic action of, 406 


OATS, influence of, upon growth, 370 
Obesity, 256, 257 
acidosis in, during fasting, table, 94 
and alcohol, 356 
influence of temperature and hu- 
midity upon metabolism in, table, 
147 
milk in the treatment of, 354 
Occupations, caloric value of dietaries 
in various, 346, 347, 349 
Odake, see Suzuki, 367 
Oertel, see Janeway, 488 
Offspring, and purified food, 362 
Olive oil, influence of, on growth, 369 
Opie, 488 
Opium, use of, in treatment of dia- 
betes, 485 
Oppenheimer : 
growth and milk in food, 410 
d-lactic acid from d-fructose, 264 
lactic acid from trioses, 265 
Oppenheimer and Reiss 
body changes in scarlet fever, 522 
Oppenheimer, see Griesbach, 176 
Optimum protein condition of cells, 287 
Organism 
growth of, and composition of milk, 
table, 398 
synthetic production of certain sub- 
stances by, 371 
Organs 
loss of weight in different, during 
starvation, table, 105 
temperature of inner, 132 
Ornithin 
from d-arginin, 204 
glucose from, 204 
putresin from, 204 
Orr, see Carlson, 453 
Osborne 
analysis of muscle, 207 


Osborne and Jones 
analysis of proteins, 78 — 
composition of ox muscle, 77 
Osborne and Mendel 
bacterial nitrogen in feces, 55 
comparative composition of pro- 
teins, 77 
growth 
butter fat on, 369 
casein on, 376 
diet upon stunted animal, 375 
gliadin on, 375 
lactalbumin on, 376 
lysin on, 375 
maize on, 373 
protein free milk on, 368 
with purified food materials, 362 
zein on, 372 
Osmosis, 82 
Osterberg, see Benedict, S. R., 212 
Ostertag and Zuntz, 385, 412 
Oswald, 492 
Ott, 525 
Ovalbumin, glucose derivable from, 
457 
Ovarian insufficiency and chlorosis, 
438 
Oxidation 
$-carbon of fats, 182, 183 
Crawford’s experiments on, 33 
reduced, 31, 491 
of unsaturated fatty acids, 183 
Oxidations in body, where performed, 
31, 418 
Oxy-acids and specific dynamic ac- 
tion, 245 
Oxy-aldehydes, action of yeast upon, 
IQI 
B-oxybutyric acid 
from aceto-acetic acid, 466 
from butyric acid, 465 
and coma, 465 
conditions for oxidation of, 271 
in diabetic tissues, 467 
effect of sodium bicarbonate on 
elimination of, 484 
excretion of 
in obesity during fasting, 94 
in starvation, table, 93 
from fat, 183, 250 
fate of ingested, in diabetes, 465, 
466 
from histidin, 205 
from leucin, 195 
from lysin, 203 
from neutral fat, 465 
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B-oxybutyric acid 
in normal blood, 250 
from phenylalanin, 195, 107 
source of, in diabetes, 464, 465, 
466 
from tryptophan, 205 
from tyrosin, 195, 197 
Oxygen 
absorption 
in apnea, Pfliiger’s experiment, 32 
of, in curarized dog, at various 
temperatures, Curve, II5 
of, in fasting, 86 
of, after glycocoll in normal con- 
ditions, 245 
alveolar tension of, 
levels, table, 432 
caloric value of, 61 
cause of consumption of, 28, 30, 31 
discovery of true importance, 18 
inhalation of, and fatigue, 419 
lack of 
and lactic acid in urine, 427 
and respiration, 428 
relation of metabolism to, 28, 30, 31 
respiration of pure, and metabolism, 
419 
tension, and oxygen-absorbing ca- 
pacity of blood, 432 
Oxyhemoglobin 
dissociation of, at high body tem- 
peratures, 433 
reduction of, death from, 434, 435 
a-Oxyisovalerianic acid, 195 
p-Oxy-phenyl-lactic acid, 181, 182 
in alcaptonuria, 178 
from p-oxy-phenyl-pyruvic acid, 
180 
p-Oxy-phenyl-pyruvic acid, 182 
action of yeast upon, 180 
homogentisic acid from, 178 
p-oxy-phenyl-lactic acid from, 180 


at different 


PAECHTNER, see Voeltz, 307 
Painters, energy requirements of, 349 
Palmer, Means, and Gamble, 211 
Palmer, see Henderson, L. J., 217, 
361, 496 
Palmitic acid from glucose, reaction, 
268 
Pancreas 
effect of incomplete removal of, 453 
extirpation of, and diabetes, 446 
pathology of, in diabetes, 488 
pentose from, 487 
Pancreatectomy 
D : N after, in dogs, 454 
glucose oxidizing power lost in, 448 
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Pancreatectomy 
and liver glycogen, 448 
partial, 453 
Parabiosis, experiment on, 453 
Parathyroidectomy 
effect of, 444 
calcium on, 444 
Parhon, 442, 461 
Paris, siege of, and scurvy, 365 
Parker and Lusk, 186 
Parker, see Moore, 306 
Parnas and Baer, 190 
Parnas and Wagner, 264 
Partridge, see Jones, 533 
Parturition 
and creatin in urine, 212 
metabolism before and after, table, 
382 
Patein and Daval, 390 
Pawlow, see Hahn, 536 
Peabody, 496 
Peabody, Meyer, and Du Bois, 497 
Peasant, Finnish, dietary of, 348 
Italian, dietary of, 342 
Péligot, 446 
Pellagra 
antidotes for, 366 
and corn, 366 
possibly infectious, 366 
mortality in, 366 
and potatoes, 366 
prevalence of, 366 
Pembrey 
bloodletting, 422 
studies in hiberation, 306 
sugar from fat, 472 
Pentoses, 488 
Pentosuria, 487 
Pepper and Austin, 167 
Pepsinogen, 105 
Peptids, definition of, 75 
Peptone, type, structure of, 76 
Perspiration 
in fever, 511 


«. insensible 


early conception of, 17 
experiment of.Sanctorius, 17 
loss of water in, 131, 132 
von Pesthy, see Hari, 123 
Pettenkofer 
respiration apparatus, 23 
Pettenkofer and Voit 
carbon retention after meat in- 
gestion, 223, 228 
combustion of fat during work, 109 
early work on isodynamic law, 36 
metabolism 
in acute leukemia, 424 
in diabetes, 473 
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Pettenkofer and Voit 
metabolism 
in fasting, 26 
during work, 310 
relation of carbon and urea in 
urine, 37 
Pfeil, 542 
Pflueger 
D : N ratios in depancreatized dogs, 


effect of high environmental tem- 
perature upon metabolism, 500 
fat in liver after ingestion of fat, 
249 
glycogen in body during starvation, 
107 
lung ventilation and carbon dioxid 
elimination, 32 
polemic on Voit’s work, 228 
protein as sole diet, 152 
reduced metabolism in frogs, 419 
sugar from fat in diabetes, 457 
Pflueger and Junkersdorf 
glucose from protein, 175 
Phenaceturic acid, how formed, 182 
Phenol, excretion of, 2 
Phenyl-acetic acid, 183 
Phenyl-alanin 
action of bacteria upon, 179 
fate of, 195 
glucose from, 197 
homogentisic acid. from, 178, 195, 
196 
occurrence of, 195 
B-oxybutyric acid from, 195, 197 
phenyl-ethyl-amin from, 179 
tyrosin from, 195, 196 
Phenyl-ethyl-amin, 179 
Phenyl-glycocoll, 177 
Phenyl-glyoxylic acid, 177 
Phenyl-y-keto butyric acid, 183 
Phenyl-a-keto propionic acid, 183 
Phenyl-/-keto-propionic acid, 183 
Phenyl-{-oxy-propionic acid, 183 
Phenylpropionic acid, 183 
Phenyl-pyruvic acid, 183 
Phloretin, 324 
Phlorhizin 
action of 
on colloidal blood sugar, 452 
in phosphorus poisoning, 263 
and body glycogen, 107 
glucose in bile after, 451 
glycosuria, influence of fructose in, 
table, 296 
influence of 
upon lactose in milk, 395. 
in protein metabolism in phos- 
phorus poisoning, 492 


INDEX 


Phosphates, acid, effect upon urinary 
ammonia, 222 


Phosphorus 
and nitrogen elimination, table, 
167 
and nitrogen ratio in urine in star- 
vation, 92 


organic, influence on 1 growth, 371 
Phosphorus poisoning 
action of phlorhizin in, 263, 492 
amino-acids in liver after, 492 
autolysis in, 492 
and creatin in urine, 212 
and creatinin elimination, 210 
fasting, heat production in, 491 
fat changes in, 491 
lactic acid in, 263, 493 
Physical regulation, 235 
of. body temperature in fever, 510, 
511 
Pigeon, metabolism of, without feath- 
ers, 138 
Pigs, suckling, growth of, in relation 
to milk ingested, table, 410, 411 
Pike’s Peak 
expedition to,.430 
heat production in climbing, 431 
Pincussohn, see Adberhalden, 81 
Piqfire, 445, 447 
Pituitary in hibernating animals, 439. 
Plasmapharesis 
definition of, 83 
effect of, upon composition of blood, 
table, 83 
Plethora 
carbohydrate, 302 
carbohydrate and fat, 303 
and amino-acid stimulation, 303 
fat, 301 
Plimmer, 76 
Pneumonia 
protein metabolism in, table, 520 
salt retention in, 522 
Poda, see Helle, 393 
Poisoning, carbon monoxid, hemoglo- 
bin in, 434 
Pollak, 545 
Polyneuritis 
in pigeons, 362 
and yeast vitamins, 367 
Polynucleotid, 520 
Poor, the, living expenses of, in N. Y. 
City, table, 557 
Poorhouse in Finland, dietary. of, 
351 
Porges, 210 
Porges and Salomon, 472 
Posture, effect of, upon metabolism, 
table, 331 


INDEX 


Potassium 
excretion of, in fasting, 92, 93 
retention of, at high altitudes, 435 
Potato 
protein, utilization of, 341 
value in dietary, 340 
and pellagra, 366 
Poulton, 221, 468 
see Graham, 501 
Power 
adaptive, of organism, 96 
physical, maintenance of, and pro- 
tein ingestion, 318 
Pratt, see Benedict, F. G., 231 
Prausnitz 
digestibility of animal and vegetable 
foods, 52, 54 
glycogen in body after fast and 
phlorhizin injection, 107 
influence of glycogen content of 
body upon metabolism in star- 
vation, 72 
see Helle, 393 
Pregnancy 
composition of urine during, 384 
in dogs, metabolism during, table, 
385 
importance of milk in diet during, 
300 
nitrogen 
balance in dog during, table, 336 
loss during, 386 
retention during, table, 386 
oxygen consumption during, table, 
381 
protein metabolism during, 387 
relative weights of mother and child 
during, 381 
von Winckel’s diet for, 384 
“‘Premortal rise,” 91 
law of, ror 
Pressure, barometric, influence of, 
upon efficiency for mechanical work, 
332, 426 
Prevost and Dumas, 405 os 
Priestly, see Haldane, 217 
Prolin 
fate of, 205 
glucose from, 205 
occurrence, 205 
Prommsdorff, see Frank, 223 
Propionic acid, 467 
Protein 
absorption of, 157 
allowance of, and physical develop- 
ment, 341, 342 
assimilable, how determined, 335 
in po Vande laborer’s ration, 335, 
i 
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Protein 
banana, utilization of, 355 
benefits of ample quantity in dietary, 
SOF 
body 
biscuit meal proteins, as sparers 
of, 282 
protection by ingested protein, 287 
bread, utilization of, 341 
caloric value of, in nutrition, Rub- 
ner’s experiment, 40 
carbohydrate from, 226 
proof of, 227, 229 
circulating 
definition of, 74 
experiments on, 74, 75 
cost and energy, table of, 575 
“deposit,” 84 
and “circulating,” 85 
elimination of, 84 
in fasting, 85 
deposit of, and metabolism, 245 
in dietary 
during lactation, importance of, 


304 
of German soldier, 343 
regulation of, 344 
digestion, rapidity of, 242, 243 
D : N after ingestion of various, 
table, 456 
“dynamic quota,” definition of, 277 
early production of glucose from, 174 
effect of, upon heat production of 
curarized dogs, 246 
egg, during incubation, 380 
energy 
from, in starvation, 86 
from, in work, 277 
furnished in rest, 277 
excessive : 
and carbon retention, 223, 226 
influence upon metabolism, 223 
metabolism after (R. Q. indirect, 
direct nitrogen chart), 224 
experimental, calculation of res- 
piratory quotient, 60 
fat from, 228, 229, 230 
by Calliphora, 230 
and fat, iso dynamic relations, 257 
fatty degeneration of, 489 
food 
and blood protein, 160 
influence of, chapter, 152 
glucose from, calculation, table, 207 
glycogen from, 171 
“growth quota,” definition of, 276 
heat value of, in metabolism, 40 
high, and nitrogen balance in ty- 
phoid fever, table, 515 


628 INDEX 


Protein 
hunger, definition of, 69 
‘improvement quota,” definition 
of, 276 
ingested, protection of body protein, 
287 
ingestion 
influence of external temperature 
on metabolism after, table, 234 
and maintenance of physical pow- 
er, 318 
Italian laborers, dietary of, 335 
from lean meat by pressure, 75 
loss of, in “repeated fast,’’ 104 
low dietary of 
Abderhalden’s views of, 343 
advisability of, 330, 343 
Chittenden’s work, 337, 338, 
339, 346, 347 
and creatinin elimination, 272 
Rubner’s views of, 342 
Voit’s views of, 343 
lumbermen’s dietary of, 336 
luxus consumption of, 337 
metabolism 
and amino-acids, 78, 79 
in anaphylaxis, 161 
in artificial anemia, 421 
character of, during muscular 
work, table, 316, 317 
before and after childbirth, table, 
388 
conditions of, 288 
in diabetes, influence of thyroid 
on, 460 


Protein 
metabolism 


intermediary, chapter, 171 
early views of, 171 

and kynurenic acid, 206 

loss of body weight i in exclusive, 
102 

lower limit of, compatible with 
life, 282 


. in man, effect of high environ- 


mental temperature upon, table, 
502 

measured by urinary and fecal 
nitrogen, 22 

and total metabolism, 85 

minimal, definition of, 275 

in phlorhizin glycosuria and dia- 
betes mellitus, 452, 453 

in» phosphorus poisoning after 
phlorhizin, 492 

in pneumonia, table, 520 

during pregnancy, 387 

reduction by carbohydrate, cause 
of, 285, 286 

after reduction of serum protein, 
83 

“secondary rise’ in, on meat- 
fat diet, table, 255 


in severe diabetes, 463, 464 


of Succi during work, tog 
and thyroid ingestion, 440 
in typhoid fever, chart, 514 
influence of carbohydrates on, 
table, 516 
during work, 315, 317 


and diminished atmospheric pres- 
sure, 427 
in dogs during work, table, 108 
endogenous, 209 
ammonium acetate as sparer of, 
283 
ammonium chlorid as sparer of, 
284 
ammonium citrate as sparer of, 
283 
carbohydrate as sparer of, 275 
gelatin as sparer of, 283 
urea as sparer of, 284 
exogenous, 2009 
in fever, action of protein and 
carbohydrate ingesta upon, 501 
glycocoll stage of, 188 
indexed by nitrogen elimination, 
167 
influence of 
carbohydrate on, table, 269, 270 
diabetes upon, table, 463 
fat upon, 248 
glycogen in fasting, 72, 73 


milk fat from, 390 
of mushroom, 54 
organized 
definition of, 74 
experiments on, 74, 75 
potato, utilization of, 341 
quantitative relation of glucose 
formation, 174 
regeneration, 161 
“repair quota” 
definition of, 276 
of, how best administered, 282 
replacement of, by gelatin, 156, 
157 
respiratory quotient of, 29 
retention 
upon what dependent, 287 
of, in growth, 403 
influence of carbohydrate on, 
table, 2609, 270 
during menstruation, 381 
by prematurely born infants, 390 
during work, 317 
in Rubner’s laborer’s ration, 335 
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Protein 
similarity of composition from dif- 
ferent sources, Osborne’s views, 77 
as sole source of energy in the body, 
310 
sparing by ammonium salts, 283 
by carbohydrates, 270, 273, 274 
by fat, 100-103 
by gelatin, 282, 373 
specific dynamic action of, 232, 233, 
234, 236 
cause of 
Lusk’s views, 244, 245 
views of Voit and Rubner, 
239 : 
and glucose from, 243 
intensity of, 243 
in pancreatic glycosuria, 474 
in phlorhizin glycosuria, 474 
theory of, 240 
structure of, 75, 76 
sugar from, in diabetes, 172 
sulphur from, in urine, 92 
superimposed, 168, 169 
synthesis of, by lower organism, 285 
synthetic formation within organ- 
ism, 284 
toxic destruction of 
in infectious fevers, 512, 513, 515 
in tuberculosis, 513 
vegetable retention of, 374 
in Voit’s laborer’s ration, 335, 336 
“wear and tear” 
effect of high body temperature 
and increased heat produc- 
tion on, 501, 502 
quota of, 276 
quota, irreducible minimum of, 
282 
Proteins 
biologic, values of various, table, 371 
biscuit meal, as body protein sparer, 


282 
“deficient,” consideration of, 285 
milk ~ 


. biologic value of, table, 374 
comparative value of, for growth, 
375) 379, 377, : 
rapidity of destruction of various, 
168 
specific dynamic action of various, 
238 
value of various, in growth, 378 
various : 
comparative value of, for growth, 
chart, 376 
quantities of glucose from, 456, 
457 
sparing power of, table, 371 


629 


Proteins 
vegetable, 78 
biologic value of, table, 374 
wheat, comparative value of, for 
growth, 375 
Protoplasmic mass and metabolism, 
406 
d-Pseudo-fructose, from glucose, 260 
Puberty, basal metabolism of boys 
during, 129 
Pulay, see Schwarz, 269 
Pulse-rate in fasting, 90 
Purgatives, see Cathartics. 
Purin-free diet, chemical comparison 
of urines, 574 
Purins, 526 
and aseptic fever, 523 
autolytic production of, 531 
in blood, 549 
endogenous, 539 
influence of exercise upon excretion 
of, 542 
exogenous, 530 
fate of, ingested, 538 
in fever, 524 
metabolism, chapter; 526 
in pig urine, 534 
and pyrimidin bases, 528 
retention of, in alcoholics, 545 
synthetic origin of, 539 
in tissues, table, 541 
“tolerance” in gout, 
_ 551 
in urine from food accessories, 532 
in urines of various animals, table, 
537 
Putresin, from ornithin, 204 
Pyrimidin bases 
fate of, 528 
formule of, 527 
and purins, 528 
Pyrimidin nucleosids, action of nucleo- 
sidase on, 530 
Pyrrolidin carboxylic acid 
chlorophyll from, 203 
from glutamic acid, 202 
hemoglobin from, 203 
Pyruvic acid 
action of leukocytes on, 192 
alanin from, 194 
from aspartic acid, 201 
glucose from, 192 
from keto-succinic acid, 201 
lactic acid from, 180, 181 


table, 550, 


QUAGLIARIELLO, 504 
Quincke, 132 
Quotient, see Respiratory quotient. 
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RACE characteristics and climate, 148 
Ranke, 344 
Rat, bacterial fecal nitrogen of, 55 
Ration 
Atwater’s protein, for laborer, 335, 
330 
Rubner’s protein, for laborer, 335, 
336 
Voit’s, for laborer, 335, 336 
Rauber and Voit, 150 
Raucken and Tigerstedt, 132 
Raulston and Woodyatt, 484 
Ravold and Warren, 196 
Ray, McDermott, and Lusk, 492 
Reach, 547 
see Frentzel, 326 
Reale, 30 
Reform in nutrition, Rubner’s ideas of, 
57° 
Regnault and Reiset 
early respiration experiments, 21, 
2 
early writings of, 19 
energy metabolism during hiber- 
nation of marmot, 116 
value of respiratory quotients, 57 
Reichel, see Brezina, 328, 329, 335 
Reilly, Nolan, and Lusk 
D :N ratio 
after meat in phlorhizin 
glycosuria, 172 
in phlorhizin glycosuria in 
_ dog, 455 
in rabbit, 455 
glucose from gelatin in diabetes, 
156 
glycogen in liver in phlorhizin 
glycosuria, 107 
influence of diabetes on protein 
metabolism, 463 
Reimbach, see Hirsch, 440 
Reiset, see Regnault, 19, 21, 23, 57, 116 
Reiss, see Oppenheimer, 522 
**Repair quota” 
of protein 
how best administered, 282 
definition of,.276 
Reproduction, see Growth. 
Residues, undigested, in feces, 52, 54 
Respiration 
apparatus 
of Pettenkofer and Voit, 23 
portable, of Zuntz, 87 
bell-jar experiments of Regnault 
and Reiset on CO: excretions, 23 
calorimeter 
Atwater-Rosa, chapter, 56 
improved Atwater-Rosa, descrip- 
tion of, 63 


INDEX 


Respiration 
Cheyne-Stokes types of, at high alti- 
tudes, 430 
effect of 
sun’s rays upon, 150 
ultra-violet rays upon, 150, 429 
and hydrogen-ion concentration of 
blood, 218 
with oxygen lack, 427, 428 
regulation of, 32 
voluntary volume and COs, Lossen’s 
experiment, 31 
Respiratory center and alveolar CO, 
tension, 217 
Respiratory gases, heat value of, 62 
Respiratory quotient 
after alcohol ingestion, 357 
at birth, 404 
for carbohydrate, 29, 58 
of carbohydrate conversion to fat, 


3006 
explanation of, 306 
from carbohydrate, theoretical 


derivation of, 58 
definition of, 57 
in diabetes, 470, 472, 480 
for fat, 29, 58 
human, 59 
in severe diabetes, 472 
from fat, theoretical derivation of, 
58 
after injection of epinephrin, 460 
and intensity of metabolism, 308 
interpretation of, 472, 473 
from lard, 59 
non-protein 
calculation of, 60 
in severe diabetes, 471 
for protein, 29, 60 
range of, 58, 61 
during severe work, 321 
Rest, see Basal metabolism. 
carbon dioxid excretion during, 
table, 110 
energy furnished from protein in, 
277 
Retzlaff, see Umber, 538 
Rewald, see Neuberg, 190, 1903 
Rhamnose 
fat sparing by, 488 
fate of, 488 
Rheinboldt, 440 
d-Ribose 
from guanosin, 529 
in urine, 487 
Rice 
and beri-beri, 362 
bran and beri-beri, 367 
and polyneuritis in pigeons, 362 


INDEX 


Richards, see Jones, 530 
see Mosenthal, 495 
Riche and Soderstrom, 44, 63. 
Riche, see Williams, 224 
Richet, see Hanriot, 86 
Rieder, 51 
Riesser, see Hensel, 197 
Rigor mortis, lactic acid during, 263 
Ringer 
adrenalin injections in phlorhizin 
glycosuria, 458 
fate of glutaric acid, 203 
from fatty acids, 184 
glucose 
from alanin, 182 
in phlorhizin glycosuria, 452 
from propionic acid, 467 
from pyruvic acid, 192 
hemoglobin with carbon monoxid, 434 
hippuric acid, 186 
Ringer, Frankel, and Jonas 
fate of lysin, 203 
glucose from 
malic acid, 201 
succinic acid, 202 
Ringer and Lusk 
fate of tyrosin, 197 
glucose from 
i-alanin, 191 
aspartic acid, 200 
glyceric acid, 193, 198 
glycocoll, 188 
Ringer, see Austin, 451 
see Sweet, 451 
Robertson, 106 
Rockwood 
effect of drugs on uric acid elimina- 
tion, 549 
endogenous uric acid and caloric 
value of diet, 540 
excretion of purins, 542 
see Mendel, 161 
Roehmann, 362 
Roehrig and Zuntz, 115, 120 
Rolly ae 
cause of fever in infectious fever, 503 
“heat puncture,” 503 
hemoglobin in experimental anemia, 
423 
metabolism in chlorosis and mild 
anemias, 424 
respiratory metabolism in typhoid, 
517 
value of various forms of starch in 
diabetes, 483 
see Hirsch, 503 
Rona and Michaelis, influence of in- 
aa of horses’ serum into dogs, 
161 
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Rona and Wilenko 
acidosis and glucose utilization by 
beating heart, 261 
hydrogen-ion concentration of 
blood in diabetes, 468 
Rona, see Abderhalden, 158, 150 
Roéntgen rays and uric acid produc- 
tion, 549 
R. Q., see Respiratory quotient. 
Rosa, 44 
see Atwater, 56 
Rose, see Mendel, 212 


Rosenfeld 
fat in body fluids during fasting, 
106 
fatty degeneration of protein, 
489 


liver fat after fat ingestion, 249 
Rosenfeld and Asher 
colloid glucose in blood, 452 
Rosenheim, 336 
Rosenthal, F., 522 
Rossi, see Albertoni, 342 
Rost, 413 
Roth, see Benedict, F. G., 127 
Roth, see Fuchs, 460 
Rowntree, see Abel, 81 
see Levy, 219 
Rubner 
amount of protein 
for average laborer, 335 
for hard labor, 336 
baths upon metabolism, 500 
caloric value of 
feces, 53, 54 
protein in nutrition, 40 
urine, 38 
calorimetric observations, 37 
carbon dioxid elimination after in- 
gestion of large quantities of 
meat, 223 
chemical regulation, 134, 135 
during mechanical work, 312 
clothes on metabolism, 140 
cold on metabolism in man, 143 
compensation theory, 236 
C : N in meat, 228 ; 
conditions of “wear and tear” and 
“srowth quota’ of protein met- 
abolism, 413 
correction in diet for specific dy- 
namic action, 239 
critical temperature, 135 
“Darmarbeit,” 231 
death from thirst, 70 
direct and indirect calorimetry with 
dog, 43 
dynamic action, 43 
eggs as sole diet, 353 
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Rubner Rubner 
energy outlets for heat loss, 131 


metabolized from maturity. to 
death in various animals, 415 
requirement of men of various 
weights while doing light work, 
334 
retention for growth, 415 
excretion of nitrogen, sulphur, and 
phosphorus after meat ingestion, 
167 
feces marking by milk, 48 
food reform, 570 
growth quota on protein metab- 
olism, 276 
hair and physical regulation, 136, 


137 
hospital dietaries, 351 
improvement quota of protein, 277 
influence of 
bath at 33° C. on metabolism, 237 
cold baths on metabolism in man, 
143 
diet and mechanical work upon 
the metabolism of man, 311 
external: temperature on metab- 
olism after protein ingestion, 
233 
fat ingestion on nitrogen reten- 
tion, 254 
humidity on metabolism, 139, 148 
the state of nutrition on appetite 
and capacity for digestion of 
dogs, 344 
temperature 
and humidity on the metab- 
olism of a fat man, 146 
on manner of heat loss, 140 
on metabolism of fat and lean 
dog, 138 
warm baths on metabolism in 
man, 144 
the iso dynamic law, 36 
law of 
constant energy expenditure, 413 
surface area at low temperature, 
121 
Liebig’s extract, 352 
manner of heat loss at different en- 
vironmental temperatures, 140 
meat as sole diet, 156 
metabolism 
of the obese and thin, 256 
during pregnancy, 381 
and surface area, 41, I19 
milk as sole diet, 353 
municipal food statistics, 350 
nitrogenous and caloric equilibrium 
with bread, 354 


percentage 
composition of cows’ milk, 399 
distribution of calories in milk, 


399 
phlorhizin metabolism, 474 
physiologic utilization of milk, 398 
protein 
deposit and specific dynamic ac- 
tion, 245 
retention after milk ingestion, 279 
radiant energy of sun, 149 
relation of area of body surface to 
cell surface and heat production, 
121 
‘ relationship of weight to surface in 
various animals, 119 
repair quota of protein, 276 
“secondary” rise, 233 
“secondary dynamic rise’ in fat 
metabolism, 256 
specific dynamic action 
of fat, 252 
of different food-stuffs, 238 
of protein, 232, 238, 239 
“standard values,” 43 
starch in feces after ingestion of 
potatoes, 52 
theory of metabolism, 301 
variety in dietary, 342 
“wear and tear” quota of protein 
metabolism, 102, 275 
wind and heat loss, 145 
yeast, 203 
Rubner and Heubner 
energy retention in growth, 412 
extractive nitrogen in human and 
cows’ milk, 399 
metabolism of differently condi- 
tioned children, 401, 402, 403 
percentage composition of human 
milk, 399 
respiration experiment on child 
nourished with modified cows’ 
milk, 403 
Rubner and Langstein 
metabolism of prematurely born 
infants, 390 
Rudinger, see Eppinger, 458, 460 
Running, energy requirements during, 
320 
Rye, influence of, upon growth, 370 
Ryffel, 421 


SACCHARIN, 561 
Salaskin, 22 
Salkowski, 535 
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Salmon 
fat in, during fasting, 249 
Meischer’s experiments, 75 
Salomon, see Embden, 194, 195, 197, 
454 
see Porges, 472 
see Wallace, 51 
Salt 
daily requirement of, 359 
metabolism of growing children, 
table, 417 
in perspiration in nephritis, 496 
retention in fever, 522 
Salts 
milk, influence of 
“upon growth, 374 
on composition of milk, 395 
Samuely, see Abderhalden, 160 
Sanctorius, 17 
Sandelowsky, 522 
Sanford, 410 
Sansum and Woodyatt, 190 
Sass, 263, 4093 
Sassa 
glycocoll from glycollic acid, 190 
$-oxybutyric acid, 250 
in tissues in diabetes, 467 
Sawadowsky, 510 
Scaffidi, 213 
Schaefer, 395 
Schaeffer, see Armand-Delille, 285 
Schapals, 145 
Schapiro, 412 
Schittenhelm 
on enzymotic activity, 532 
purin oxidations in tissues of cattle, 


534 
Schittenhelm and Bendix 
uric acid in pigs’ urine, 534 
Schittenhelm, see Abderhalden, 536 
see Kuenzel, 534 
Schlaepfer, see Grafe, 284 
Schliep, see Von Noorden, 550 
Schlossmann, caloric value of human 
milk, 4o1 ~ 
Schlossmann and Murschhauser 
metabolism of infants, 404 
protein for growth, 403 
Schmid, see Krueger, 532 
see Linser, 500 
Schmidt, see Bidder, 20, 36, 171, 223 
see Embden, 194, 195, 107 
Schmitz, see Embden, 194, 1908, 264, 
205 ; 
Schneider, see Douglass, 427, 430 
Schoendorff, 100, 259 
School children, undernutrition of, 
cause of, 559 
Schrader, 381 


633 


Schreuer, 226 
von Schrotter and Zuntz, 428 
Schryber, 4093 
Schuermann, 36 
Schultz, H., 114 
Schultzen, or 
Schulz 
blood fat in starvation, 249 
fat 
and protein retention, 104 
in starvation, 103 
Schumburg, 324, 325 
see Zuntz, 62, 316, 331, 430 
Schumm, 196 
see Hartogh, 457 
Schur, see Burian, 530, 541 
Schwarz and Pulay, 269 
Schweisheimer, 357 
Schwenkenbecker and Inagaki, 511 
Scurvy 
experimental production of, 365 
fruit juices in, 365 
and pasteurized milk, 365 
relief from, 365 
Seamstresses, energy requirement for, 
340 
Seasickness, effect upon metabolism, 
150 
“Secondary rise” in protein metab- 
olism, 255 
Secretion 
internal, 439 
milk, 106, 391 
Seegen, or 
Seelig, 462 
Seemann, see von Mueller, 172 
Seidell, see Williams, 378 
von Seiller, see Breuer, 438 
“Self regulation,” 293 
Selling, see McLean, 166 
Senator, 506 
see Lehmann, 51, 59 
Serin, from cystein, 200 
1-Serin, 198 
d-glyceric aldehyd from, 198 
glucose from, 108 
glyceric acid from, 108 
Serum albumin; glucose derivable 
from, 457 
Servants, household, energy require- 
ments of, 349 
Severin, see Forschbach, 430, 442, 459 
Sex, 129 
Seymour, see Folin, 406 
Shaffer 
creatin in urine after parturition, 212 
creatinin coefficient, 210 
muscular work upon character of 
protein metabolism, 316 
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Shaffer and Coleman 
carbohydrate diet in typhoid, 516 
Sherman and Gettler 
acid and base forming potency of 
ash of foods, 361 
ash content of edible foods, 360 
Sherman and Hawk 
elimination of sulphur and nitro- 
gen on mixed diet, 170 
Sherman, Mettler, and Sinclair 
salt content of ordinary Amer- 
ican diet, 359 
Shibata, 491 
Shimamura, see Suzuki, 367 
Shivering and chemical regulation, 143 
Shohl, see Cannon, 440 
Silbergleit, 550 
Simpson, S., 439 
see Goldbraith, 113 
Simpson, S., and Herring, 116 
Sinclair, see Sherman, 359 
Sivén, 277, 330, 542 
Sjostrom, 143 
Skatol, 206 
Slack, see Benedict, F. G., 133 
Sleep 
metabolism during, 109, 110 
nitrogen excretion during, table, 110 
Slemons, 387 
Slowtzoff, 326 
Smillie, see Folin, 449 
Smith, see Benedict, F. G., 127 
Snapper, 523 
Soderstrom, 511 
see Riche, 44, 63 
Sodium benzoate, hippuric acid from, 
185, 186 
Sodium bicarbonate 
and elimination of /-oxybutyric 
acid, 484 
and urinary ammonia, 222 
Sodium chlorid 
in blood in pneumonia, 523 
daily requirement of, 350 
elimination of, 167 
in perspiration in nephritis, 496 
retention in fever, 522 
Sodium urate 
lactam form, 550 
lactim form, 550 
Soetbeer, 547 
Soetbeer and Ibrahim, 538 
Soldner, 3909 
‘‘Somatose” in diet, 160 
Sondén and Tigerstedt, 111, 112 
Sondén, see Johansson, 51; 87, 90 
Sorensen, 215 
Soy bean, glycinin, comparative value 
of, in growth, 376 
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Specific dynamic action 
of alanin, 240, 241 
of alcohol and carbohydrate, 
357, 
of amino-acids, 241, 243 
from casein, 239 
of carbohydrate, 237 
cause of, 295 
of casein, 239 
discovery of, 43 
of fat, table, 237, 238, 252 
of food-stuffs, chart, 237 
of food in typhoid fever, table, , 
519 
of glutamic acid, 240, 241 
of glycocoll, 240, 241 
in man, 239 
and mass action, 246 
of “‘nutrose,’’ 406 
and oxy-acids, 245 
of protein, 232, 233, 234, 236 
cause of, 244, 245 
views of Voit and Rubner, 
Pre 889 
intensity of, 243 
in pancreatic glycosuria, 474 
in phlorhizin glycosuria, 474 
theory of, 240 
of various proteins, 238 
Speck, 425 
Speed, increase in metabolism during, 
320, 330 
Spiro, 179, 421 
Spitzer, 531 
Spleen, extirpation of, in phlorhizin 
glycosuria, 451 
Squash-seed, globulin, 
value of, in growth, 376 
Ssubotin, 301 
Staeubli, 470, 486 
Stadelman, 465 
Staehelin, 504 
see Falta, 230, 463, 474 
Starch in feces, 52 
Starvation, see Fasting 
Statistics, food, municipal, table, 350 
Stearns, see Wilson, 444 
Steenbock, Nelson, and Hart, 219 
Stepp, W. 
effect of 
addition of salts and fats to ex- 
tracted diet, on growth, 364 
feeding alcohol-ether extracted 
diet to mice, 364 
extraction of ‘‘accessory substance”’ 
from food, 364 
Stern, see Batelli, 192 
Steudel, 541 
see Kossel, 528 


comparative 
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Steyrer, 441 
Stiles and Lusk 
D : N in phlorhizin glycosuria, 99, 
455 
after ingestion of amino- 
acids, 172 
Stimulants in fatigue, 325 
Stimulation, amino-acid, 
basal metabolism, 301 
Stohmann, 37 
Stomach, movements of, in hunger, 70 
Stone-masons, energy requirements of, 
349 
Straczewski, see Zeller, 199 
Strain, effect of, on metabolism, 322 
Straub 
carbon monoxid “diabetes,” 462 
water 
hunger, 69 
ingestion on protein metabolism, 
162 
Strauss, see Abderhalden, 186 
Strohmer, see Meissl, 304 
Strychnin 
on alkalinity of blood, 493 
on basal metabolism, 553 
and body glycogen, 107 
Stupor, metabolism in, 438 
Succinic acid 
glucose from, 202 
from glutamic acid, 202 
from keto-glutaric acid, 202 
Sucrose 
consumption of, in United States, 
561 
and glycogen oxidation, 280, 204 
Sugar, see Blood, Diabetes, and vari- 
ous sugars. 
Sulphur 
ethereal, formation of, 207 
excretion from cystein, 200 
and nitrogen elimination, 167, 170; 
table, 168; chart, 169 
and nitrogen in urine in starvation, 
92 
urinary 
in cystinuria, 199 
from protein, 92 
Sumner, see Fiske, 81 
Sundstrém, 348 
Sunlight 
and respiration, 150 
ultra-violet rays of, effect upon met- 
abolism, 429 : 
Sunstroke, definition of, 490 
Surface of solids, determination of, 118 
Surface area, see Area. 
Surra trypanosomes, metabolism in 
fever induced by, table, 504, 505 
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| Susruta, 445 

Suzuki, Shimamura, and Odake, 367 
Sweat, see Water. 

Sweet and Ringer, 451 

Sydenham, 544 

Szalagyi and Kriwuscha, 541 


TACHAU, 406 
Tailors, energy requirements of, 349 
Talbot, see Benedict, F. G., 62, 406, 407 
Tallqvist, 270, 493 
Tangl 
action of chemical stimulus, 246 
heat 
production of incubated egg, 379 
value of urinary nitrogen on high 
carbohydrate diet, 38 
metabolism of fat and thin pigs, 129 
statistics of absorption, 3098 
Tangl and Mituch 
nitrogen of egg during incubation, 
380 
Taurin from cystein, 179, 199 
Tausz, see Galambos, 464 
Taylor, 556 
Taylor and Lewis, 81, 83 
Tea 
effect of 
in fatigue, 325 
on purin bases in urine, 532 
Temperature (body). 
in calorimetry, 133 
diurnal variation, 111 
in fasting, 111 
in fever, 133, 505, 500 
of frog, 114 
after hot baths, 500, 502 
of internal organs, 132, 134 
manner of heat loss, 140 
on protein metabolism, 501 
and purins, 501 
and radiant heat, 149 
rectal, 133 
regulation 
chemical, 118, 134, 141, 143 
and blood sugar, 145 
and critical temperature, 135 
and hairy covering, 136 
and humidity, 147 
and fat ingestion, 252 
in ichthyosis hystrix, 500 
in infant, 404 
and protein metabolism, 137, 
243 
physical, 118, 135, 138, 141 
in fever, 510 
of skin, 133 
Terray, 19 
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von Terray, 427 
Terroine, see Armand-Delille, 285 
Tetanus, effect upon glycogen of body, 
107 
Thannhauser 
action of human duodenal juice on 
yeast nucleic acid, 530 
Thannhauser and Bommes 
uric acid excretion 
in gout after injection of 
adenosin, 548 
after injection of adenosin 
and guanosin, 539 
Theobromin, fate of, 532 
Theophyllin, fate of, 532 
Therapy, x-ray, effect of, in lym- 
phatic leukemia, 425 
Thermometer showing comparison of 
Fahrenheit and Centigrade scales, 
573 
Thomas, Karl 
absorption of milk, 354 
biologic values of different proteins, 
371 
influence of 
carbohydrate on nitrogen equi- 
librium, 155 
fat on protein retention, 254 
previous high protein diet upon 
nitrogen elimination, 275 
metabolism of deposit protein, 84 
nitrogen equilibrium with low nitro- 
gen intake, 278 
utilization of banana protein, 355 
Thurlow, see Wilson, 444 
Thymin, structure of, 527 
Thymus, ingestion of, and uric acid in 
urine, 532 
Thyroid 
influence of, on general metabolism, 
439, 440 
metabolism after removal of, 440 
role of, in diabetes, 459 
Thyroidectomy 
and parathyroidectomy, 444 
in phlorhizin glycosuria, 461 
Thyroidin 
influence of, on metabolism, 4309; 
440 
Tichmeneff, 276 
Tigerstedt 
calcium in diet of Finns, 359 
effect of work on metabolism in 
fasting, 109 
minimum metabolism of man at 
rest, I10 
see Johansson, 51, 87, 90 
see Rancken, 132 
see Sondén, 111, 112 
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Tissandier and Sivel’s balloon ascen- 
sion, 426 
Tissue, extract, reaction of, 217 
Tissues 
amino-acid in, 80, 82 
diabetic, 6-oxybutyric acid in, 467 
purin content of various, table, 541 
purin enzymes In, 533, 534, 535 
urea in, 165 
Toégel, Brezina, and Durig, 290, 357 
Torok, see Benedikt, H., 480 
Toxins, diphtheria and glycogen re- 
tention, 522 
febrile, mode of action, 509, 510 
Tracy and Clark, 210 
Training 
economy of, 333 
effect of, upon metabolism, table, 
331, 332 é 
effect of, in mountain climbing, 427, 
431 
Transfusion, see Blood. 
Transition period of protein waste, 276 
Traube, 505 
Traube and Jochmann, 501 
Tributyrin, splitting of, by blood of 
fasting dog, 96 
Trioses, lactic acid from, 265 
metabolism of, 262 
Tryptophan 
conversion to kynurenic acid, 81 
fate of, 205 
indol from, 206 
influence cf, upon growth, 372 
kynurenic acid from, 205, 206 
and nitrogen equilibrium, 159 
occurrence, 205 
B-oxybutyric acid from, 205 
skatol from, 206 
Tuberculosis, toxic destruction of pro- 
tein in, 513 
Tuczec, or 
Turban, see Grafe, 284 
Turner, Marshall, and Lamson, 82 
Turner, see Abel, 81 
Turpentine, elimination of, in urine, 
486 
Typewriting, energy requirement for, 
340 
Tyrosin 
action of yeast on, 180 
fate of, 195 
glucose from, 197 
homogentisic acid from, 178, 195 
occurrence of, 195 
$-oxybutyric acid from, 195, 197 
p-oxy-phenyl-lactic acid in urine 
from, 181 i 
from phenylalanin, 195, 196 
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UMBER and Retzlaff, 538 
Umber, see Klemperer, 490 
Underhill 
epinephrin glycosuria, 461 
metabolism after administration of 
hydrazin, 494 
Underhill and Blatherwick 
glucose utilization after thyroid- 
ectomy, 444 
Underhill and Goldschmidt 
protein sparing by ammonium 
citrate, 284 
Underhill and Hilditch 
glucose utilization after thy- 
roidectomy, 444 
Underhill and Murlin 
respiratory quotient after hydra- 
zin, 494 
Undernutrition 
energy requirement in, ror, 476 
low level of nitrogen equilibrium in, 
279 
in school children, cause of, 559 
United States, food supply, cost of, 
557 
Uracil, structure of, 527 
Urates, allantoin from, 535 
retention of, by cartilage, 547 
, Urea 
from amino-acids, 176 
indications of, 79 
from ammonium carbonate, 222 
from d-arginin, 204 
in blood 
in nephritis, 495 
after plasmapharesis, 83 
effect of ingestion upon heat pro- 
duction, 231 
elimination 
affected by benzoate, 187, 188 
Ambard’s law, 165 
in starvation of dog after meat, 
73) 74 
excretion of, in fever, 501 
formation of, 176 — 
by liver, 222 
from glycyl-glycin, 176 
heat of solution of, 40 
aye: and nitrogen excretion, 
165 
reversibility in organism, 165 
as sparer of endogenous protein 
metabolism, 284 
in tissues, 165 
from uric acid, 535 
Uric acid 
alcohol on excretion of, 31, 545 
allantoin from, 535, 536 
in birds, 541 


Uric acid 
in blood 
chicken, 543 
in gout, 547 
in lead poisoning, 547 
in nephritis, 547 
normal, 547 
OX, 543 
after purin ingestion, 549 
from caffein, 532 
combined in blood, 543 
constancy of excretion of, on diet 
of, 340, 538 
in Dalmatian dog, 537 
discovery of, in urinary calculi, 
526 
drugs on elimination of, 549 
elimination of, in gout, when in- 
gested, 548 
endogenous, 539 
excretion after food, 540, 543 
eXOgenous, 539, 543 
fate of, ingested, 538 
formation, 531 
in gout, 544, 548 
in leukemia, 547 
from nucleo-proteins, 531, 547 
from purin bases, 531 
retention in gout, 548 
after Réntgen rays, 5490 
structure of, 527 
theoretic formation of, 527 
_ after thymus ingestion, 532 
from tissue extracts, 531 
urea from, 535 
Uricase 
action of, 536 
experiment on, 536 
occurrence of, 536, 538 


Urine 
aceton excretion in starvation, 93, 
04 
acidity 
and alveolar carbon dioxid ten- 


sion, 218 
and ash of foods, 361 
albumen in, in starvation, 92 
allantoin in, 535, 538 
amino-acids in, after phosphorus 
poisoning, 492 
ammonia in 
after acid ingestion, table, 219, 220 
after acid phosphate ingestion, 222 
after Eck fistula, 22 
after fat diet, 222 
effect of bladder infection on, 214 
and food intoxication of infants, 
220 
as index of acid formation, 214 
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Urine 
ammonia in 
after ingestion of sodium bicar- 
bonate, 222 
l-arabinose in, 487 
birds, composition of, table, 541 
cadaverin in, 203 
caloric value, 38 
chemical comparison of, on purin- 
free diets, 574 
in chicken-pox, 524 
composition of, after benzoate feed- 
ing, table, 187 
creatin in, 212 
diabetic, absence of disaccharids in, 
446 
diabetic, amino-acids in, 464 
first glucose identification in, 446 
effect of water drinking on, in al- 
captonuria, 163 
elimination of chloral in, 486 
of camphor in, 486 
of turpentine in, 486 
ethereal sulphates, formation of, 207 
during fasting, Beauté’s, table, 92 
during fever, 523 
formic acid in, 208 
fructose in, in severe diabetes, 446 
glucose in, in anemia, 421, 422 
hydrogen-ion concentration of, 217 
on a mixed diet, 361 
from vegetarians, 361 
lactic acid in 
in anemia, 421, 422 
in asphyxia, 266 
in oxygen lack, 427 
after phosphorus poisoning, 263 
lactose in, 396 
in liver cirrhosis, 181 
magnesium and nitrogen in, during 


fasting, 98 
in measles, 524 
nitrogen 


elimination after bloodletting, 84 
partition on different diets, 209 
phosphorus ratio in starvation, 92 
sulphur ratio, 92 
$-oxybutyric acid excretion in star- 
vation, 93, 94 
pentose in, 487 
pig, purin bases in, 534 
during pregnancy, composition of, 
384 
purin bases in 
in aseptic fever, 523, 524 
in fevers, 524 
of various animals, table, 537 
putresin in, 203 
reaction of, how maintained, 214 
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Urine 
d-ribose in, 487 
in scarlet fever, 524 
sulphur in, in cystinuria, r99 
sulphur from protein, 92 
titratible acidity of, 217 
uric acid in 
from caffein, 532 
in gout, table, 548 
in leukemia, 547 
after thymus ingestion, 532 
volume 
influence of glucose feeding on, 291 
and nitrogen from each kidney, 
165 
Urochrom and histidin, 205 
Uterus 
removal of, and creatin excretion, 212 


VALIN, 1094 
aceton bodies from, 194, 195 
fate of, 194 
glucose from, 195 
Values, standard, of food-stuffs, 42 
Van Slyke 
method of investigating intensity of 
acidosis, 221 
Van Slyke and Meyer 
amino-acids 
of blood, 80 
of liver, 81 
in muscle, 80, 82 
of tissues, 80 
Van Slyke, see Osborne, 77 
Van Slyke, L., 300 
Vedder, E. B., 362, 366 
Veeder, see Du Bois, 473 
Vegetable 
protein, retention of, 374 
proteins, biologic value of, table, 371 
Vegetables, digestibility of, 52 
Vegetarianism, Graham’s system of, 
338 
Vegetarians, hydrogen-ion concentra- 
tion of urine from, 361 ; 
Verploegh, see Van Hoogenhuyze, 210, 
2231.7 
Verzar, 448 
Viault, 435 
Vinograd, see Osborne, 77 
Vitamins, 363, 367, 378 
yeast, composition of, 378 
from yeast, use of, 367 
Vividiffusion, products from, 82 
Voegtlin, see Koch, 367 
Voeltz and Dietrich, 357 
Voeltz and Paechtner, 397 
Vogt, 547 ; 
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von Voit, Carl 


bile solids of fasting dog, 48 
bomb calorimetry, 36 
chemical regulation during mechan- 
ical work, 313 
“circulating protein,” 74 
“Darmarbeit,” 231 
definition of a food, 153 
discussion of metabolism, 45 
effect of 
copious water drinking on protein 
metabolism, 162 
previous diet on urea elimination 
in starvation, 73 
temperature on metabolism in 
fasting, 142 
effect on metabolism of ingesting in- 
creasing quantities of meat, 155 
fat from carbohydrate, 304 
glycogen from ingested carbohy- 
drate, 258 
influence of 
diet on composition of milk, 
301 
fat on protein metabolism, 248, 
249 
intensity of metabolism, how modi- 
fied, 239 
intermediary protein metabolism, 
171 
low protein diet, 343 
metabolism, table of, 36 
milk nitrogen and urinary nitrogen, 
301 
muscle work, oxygen supply and 
metabolism, 30 
necrology of Pettenkofer, 29 
nitrogen 
equilibrium in dog after meat in- 
gestion, 153, 163 
first establishment of, 21 
loss of nitrogen in hair and epidermis, 
22 
ration of average laborer, 335 
_ “secondary rise” in protein metab- 
olism on meat-fat diet, 255 
value of Liebig’s extract, 352 
weight loss of tissues in starvation, 
105 
see Bischoff, 24, 36, 48, 153, 156 
see Pettenkofer, 25, 36, 37, 109, 223, 


228, 310, 424, 473 
see Rauber, 150 


Voit, E. 


effect of fat in starvation, roo 

general table of starvation metab- 
olism in man, 90 

glycogen in goose after rice inges- 
tion, 305 


Voit, E. 
heat production 
of various animals, 41 
resting animals, 119 
increasing metabolism with increas- 
ing temperature, 117 
influence of fat upon protein metab- 
olism in starvation, 100 
metabolism of pigeon after removal 
of feathers, 138 
nitrogen elimination and _ body 
weight, 85 
weight loss of different organs in 
starvation, 105 
see Frank, 120 
see Lehmann, 305 
Voit, E., and Korkunoff 
influence of carbohydrates and 
protein on nitrogen equilib- 
rium, 277 
of fat on protein metabolism, 254 
nitrogen equilibrium in dog after 
meat ingestion, 153 
Voit, E., and C. Lehmann 
fat from carbohydrate, 305 
Voit, F. 
metabolism after thyroid ingestion, 
440 
proteolytic cleavage products in 
dietetics, 160 
source of feces, 40 
temperature on nitrogen elimination, 
501 


WACKER, 4409 
Wagner, see Parnas, 264 
Wakeman, 4092 
Wakeman and Dakin, 197, 208, 466 
Waldvogel, 492 
Walking 
efficiency during, 326 
horizontal, influence of velocity and 
load upon energy requirements in, 
328; table, 320 
and running, comparison of energy 
requirements, 329 
Wallace and Salomon, 51 
Wallersteiner, 512 
Waltuch, see Zerner, 487 
Ward, 434 
Warkalla, 202 
Warmth and metabolism, 117 
Warren, see Ravold, 196 
Washburn, see Cannon, 70 
Washerwomen, energy requirements 
of, 349 
Waste in feces of herbivora, 51 
protein, transition period of, 276 
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Water 
effect of ingestion upon heat pro- 
duction, 231 
hunger, definition of, 69 
fatality of, 70 
Straub’s experiment, 69 
loss in dietary changes, 272, 273 
in perspiration, 131, 132 
retention in fever, 522 
vaporized by lungs and skin, 131, 132 
Water drinking, 162 
‘‘Water soluble B,” 363 ° 
Water vaporization, heat of, in fever, 
511 
‘‘Wear and tear’ protein quota, 102 
definition of, 275, 276 
effect of high body temperature 
and increased heat produc- 
tion on, 501, 502 
- irreducible minimum of, 282 
Weight 
loss in dietary changes, 272, 273 
loss in, of different organs during 
starvation, table, 105 
to surface, constant, for different 
animals, table, 119 
Weiland, 484 
Weinland 
fat from protein, 230 
ferments from living ascaris, 305 
glycogen from galactose, 294 
Weintraud, 470 
Welch, 521 
Wells, 162 
von Wendt 
influence of ingestion of salts on 
composition of milk, 395 
nitrogen and sulphur elimination 
after meat ingestion, 168 
retention of nitrogen, iron, and 
potassium at high altitudes, 435 
Westenrijk, see Bernstein, 458 
Westhauser, see Morgan, 393 
Wheat 
embyro 
influence of, upon growth, 370 
kernel 
entire, influence of, upon growth, 
370 
proteins, relative value of, for growth, 
Sh) 
White, 400 
see Mendel, 535 
Wiechowski 
action of dogs’ liver upon uric acid, 
535 
allantoin, 538 
glycocoll, 186 
see Knaffl-Lenz, 550 
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Wiener, 534 
Wilenko, see Rona, 261, 468 


| Willcock and Hopkins 372 


Williams, 44, 63 
Williams, Riche, and Lusk, 224 
Williams and Seidell, 378 
Williams and Wolf, 199 
Willis, Thomas, 445 
Wilson, Margaret B., 410, 412 
Wilson, Stearns, and Thurlow, 444 
von Winckel, 384 
Wind 

and heat loss, 145 

influence upon metabolism, table, 

146 

Wishart, 80 

see Fisher, G., 291 


' Wislicenus, see Fick, 315 


Wittenberg, see Embden, 265 
Wohl, 194, 265 
Wolf, 170 
see Marriott, 199 
see Williams, 199 
Wolffberg, 171 
Wolgemuth, 492 
Wolpert, 145 
see Broden, 313 
Women, see Lactation and Parturition. 
energy requirements of, 129, 340, 381 
Wood, 505 
Woodruff, C. E., 150 
Woods and Mansfield, 320, 336, 348 
Wood-sawyers i 
energy requirements of, 340 
Woodyatt 
glucose - 
in the bile after phlorhizin, 451 
from glyceric aldehyd, 193 
lactic acid in asphyxia, 266 
oxidation of glucose, 262 
see Raulston, 484 
see Sansum, 190 
Work, mechanical, 
climbing. 
and altitude, 332, 420 
and chemical regulation, 313 
and creatinin elimination, 317 
and diet, 311, 312 
various food-stuffs, 311, 318, 
ce eae 
energy requirement 
light work, 334 
same work by different ani- 
mals, 327 
under various conditions, 329 
and environmental temperature, 
312 
and exhaustion, 321 
and gradient, 330 


see Mountain 
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Work, mechanical 
maximum, in man, 321, 331, 431 
on metabolism, 30, 309 
day vs. night, 109 
rapidity of effect, 325 
and protein metabolism, 108, 277, 
316 
in phlorhizin glycosuria, 458 
and protein retention, 317 
and purin elimination, 542 
and respiratory quotient, 321, 323 
urine during, 317 
Wrestler, trained, maximum amount of 
work attainable by, 331 
Wright, see Cannon, 449 


XANTHIN, fate of injected, 539 
oxidases, 532 
occurrence of, 531, 533 
structure of, 527 
Xanthosin, guanosin from, 530, 531 
1-Xylose, from d-glucuronic acid, 487 
from liver, 487 


YEAST 
in diabetes, 485 
on glutamic acid, 202 
heat production and surface area, 
I2I, 122 
on keto-glutaric acid, 202 
on oxy-aldehydes, ror 
on p-oxy-phenyl-pyruvic acid, 180 
protein, synthesis by, 285 
on tyrosin, 180 
vitamins 
composition of, 378 
from, use of, 367 
and polyneuritis, 367 


ZACHARJEWSKI, 387 
Zein 
glucose derivable from, 457 a 
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Zein 
influence of, upon growth, 372 
protein sparing by, 373 
Zeller, 270 
Zeller and Straczewski, 199 
Zerner and Waltuch, 487 
Ziegler, 521 
Zitowitsch, 358 
Zuntz 
anemia, effect of, upon glycogen, 421 
effect of air rich in oxygen upon 
oxygen absorption, 419 
of sunlight upon metabolism, 149 
of training upon energy require- 
ment, 332 
energy requirement in undernutri- 
tion, IOI 
heat production during work, 318 
metabolism and speed, 330 
removal of glycogen by strychnin, 
107 
renal character of phlorhizin gly- 
cosuria, 450 
respiratory quotient for human fat, 
59 
see Durig, 150, 427, 428, 430, 432, 
437 
see Lehmann, 51, 50, 86, 110 
see Ostertag, 385, 412 
see Rohrig, 115, 120 
see von Mering, 231 
see von Schrotter, 428 
Zuntz, Loewy, Miiller, and Caspari 
hemoglobin at high altitudes, 
Ais set 
metabolism in mountaineer- 
ing, 330 
Zuntz and Schumburg 
capacity for work at high eleva- 
tions, 430 
heat of oxidation of fat and car- 
bohydrate, 62 
metabolism in marching, 331 
during marching, 316 
Zuntz, L., 333, 381 
see Loewy, 428, 432, 434 
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Dercum’s Mental Diseases 


Clinical Manual of Mental Diseases. By FrRANcis X. DERCuUM, 
Pu. D., M. D., Professor of Nervous and Mental Diseases at Jefferson 
Medical College, Philadelphia. Octavo of 425 pages. Cloth, $3.00 net. 


TWO PRINTINGS IN FIVE MONTHS 


This is a book really useful to the family physician—a book that tells you 
definitely how to diagnose, how to treat—either at home or in an institution—all 
classes of mental diseases. First, Dr. Dercum takes up the various primary 
forms of mental disease, giving emphasis to those you meet in your daily practice 
as general practitioner—delirium, confusion, stupor. Then melancholia, mania, 
the insanities of early life, paranoia, the neurasthenic-neuropathic disorders, and 
the dementias follow. The mental disturbances of the infections (syphilis, tubercu- 
losis, malaria, pellagra, rheumatic fever, etc.), the various forms of intoxicational 
insanities, those due to metabolic disorders, visceral disease, diseases of the 
nervous system are all given you—and from your viewpoint. An important sec- 
tion is that devoted to the zwsanzties of pregnancy. An entire part is devoted to 
the psychologic interpretations of symptoms as evolved by Freud and his disciples. 
You get a full discussion of the 7é/e of dreams. Published July, 1913 


The Medical World 


‘- This book gives just the information necessary, and gives it in a style studiously adapted 
to the needs of the general physician.” 
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Nervous and Mental Diseases. By ArcHIBALD CuurcH, M.D., 
Professor of Nervous and Mental Diseases and Medical Jurisprudence, 
Northwestern University Medical School, Chicago; and FREDERICK 
Peterson, M. D., formerly Professor of Psychiatry at the College of 
Physicians and Surgeons, N. Y. Handsome octavo, 944 pages; 350 
illustrations. Cloth, $5.00 net; Half Morocco, $6.50 net. October, 1914 


EIGHTH EDITION 


For this zew (Sth) edition this standard work has undergone a thorough re- 
vision. Vertigo and its labyrinthine relations, as developed by Barany, has 
received careful consideration; much new matter has been added to the section 
on Infantile Paralysis; syphilis of the nervous system has been brought into accord 
with recent epoch-making discoveries. Throughout, references to the new inves-. 
tigations of the spinal fluid, and the relation of spinal fluid changes to the various 
organic diseases of the brain and cord have been introduced. The bearing of 
internal secretion upon nervous disorders has been brought right down to date. 
Tetany has been given its place among nervous diseases associated with glandular 
disorder. Altogether over 300 interpolations and alterations have been made. 
It is more than ever ¢he standard. 


American Journal of the Medical Sciences 


‘‘This edition has been revised, new illustrations added, and some new matter, and really 
is two books. . . . The descriptions of disease are clear, directions as to treatment definite, 
and disputed matters and theories are omitted. Altogether it is a most useful text-book.”’ 
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Mental Diseases 


Serology of Nervous and Mental Diseases. By D. M. Kaptan, 
M. D., Director of Clinical and Research Laboratories, Neurological 
Institute, New York City. Octavo of 346 pages, illustrated. Cloth, 
$3.50 net. _ Published June, 1914 


This is an entirely new work, giving you the indications, contra-indications, 
preparation of patients, technic, after-phenomena, after-care, and disposal of the 
fluids obtained by lumbar puncture. You get a full discussion of the serology of 
all nervous and mental diseases of mon-luetic etiology (including disorders of 
internal secretion), and of every type of /wetic nervous and mental disease, giv- 
ing the Wassermann reaction in detatl, the use of salvarsan and neosalvarsan, etc. 
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Herrick’s Neurology 


Introduction to Neurology. By C. Jupson Herrick, Pu. D., Pro- 
fessor of Neurology in the University of Chicago. 12mo of 360 pages, 
illustrated. Cloth, $1.75 net. _ Published September, 1915 


A KEY TO NEUROLOGY 


Professor Herrick’s new work will aid the student to organize his knowledge 
and appreciate the significance of the nervous system as a mechanism right at 
the beginning of his study. It is sufficiently elementary to be used by students 
of elementary psychology in colleges and normal schools, by students of general 
zodlogy and comparative anatomy in college classes, and by medical students as 
a guide and key to the interpretation of the larger works on neurology. 


Brill’s Psy chanalysis Second Edition published May, 1914 


Psychanalysis: Its Theories and Practical Application. By A. A. 
Britt, Pu. B., M. D., Clinical Assistant in Neurology at Columbia 
University Medical School. Octavo of 392 pages. Cloth, $3.25 net. 


To the general practitioner, who first sees these ‘‘borderline’’ cases (the 
neuroses and the psychoses), as well as to those specially interested in neurologic 
work, Dr, Brill’s work will prove most valuable. Dr. Brill has had wide clinical 
experience, both in America and in Europe. The results of this experience you 
get in this book. Here you get the practical application of all Freud’s theories— 
and from the pen of a man thoroughly competent to write. 


Hunt’s Diagnostic Symptoms of Nervous Diseases 

Diagnostic Symptoms of Nervous Diseases. By Epwarp L. 
Hunt, M. D., formerly Instructor in Neurology and Assistant Chief of 
Clinic, College of Physicians atrd Surgeons, New York. 12mo of 292 
pages, illustrated. Cloth, $2.00 net. Second Edition published June, 1917 


Stiles on the Nervous System 

The Nervous System and its Conservation. By Percy G. STILEs, 
Instructor in Physiology at Harvard University. 12mo of 230 pages, 
illustrated. Cloth, $1.25 net. Published November, 1914 
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American Illustrated Dictionary 
New (8th) Edition—1500 New Words 


The American Illustrated Medical Dictionary. A new and com- 
plete dictionary of the terms used in Medicine, Surgery; Dentistry, 
Pharmacy, Chemistry, Veterinary Science, Nursing, and kindred 
branches ; with over 100 new and elaborate tables and many hand- 
some illustrations. By W. A. Newman Dortanp, M.D. _ Large 
octavo, 1137 pages, bound in full flexible leather, $4. 50 net ; with thumb 


index, $5.00 net. Published August, 1915 


The American Illustrated Medical Dictionary defines hundreds of terms not 
defined in any other dictionary—bar none. It gives the capitalization and pro- 
nunciation of all words. It makes a feature of the derivation or etymology of the 
words. Every word has a separate’ paragraph, thus making it easy to find a 
word quickly. The tables of arteries, muscles, nerves, veins, etc., are of the 
greatest help in assembling anatomic facts. Every word is given its definition—a 


definition that defines in the fewest possible words, 


Howard A. Kelly, M. D., joins Hopkins, University, Baltimore. 
‘““The American Illustrated Dictionary is admirable. It is so well gotten up and of such 


convenient size. No errors have been found in my use of it.” 


Owen’s Treatment of Emergencies 


The Treatment of Emergencies. By Husirey R. Owen, M. D., 
Surgeon to the Philadelphia General Hospital. 12mo of 350 pages, 
with 249 illustrations. Cloth, $2.00 net. Published June, 1917 


Dr. Owen's book is a complete treatment of emergencies. It gives you not 
only the actual technic of the procedures, but, what is equally important, the un- 
derlying principles of the treatments, and the reason why a particular method is 
advised. You get treatments of fractures, of contusions, of wounds. Particularly 
strong is the chapter on gun-shot wounds, which gives the new treatments that the 
great European War has developed. You get the principles of hemorrhage, to- 
gether with its constitutional and local treatments. You get chapters on sprains, 
strains, dislocations, burns, sunburn, chilblain, asphyxiation, convulsions, hysteria, 
apoplexy, exhaustion, opium poisoning, uremia, electric shock, bandages, and 
a complete discussion of artificial respiration, including mechanical devices. 
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Kerley’s Pediatrics 


Practice of Pediatrics. By Cuartes Gitmore Kertry, M.D.,, 
Professor of Diseases of Children, New York Polyclinic Medical School 
and Hospital. Octavo of 878 pages, illustrated. Cloth, $6.00 net; 
Half Morocco, $7.50 net. Published March, 1914 


FOURTH LARGE PRINTING 


This work is not a cut-and-dried treatise—but the Jractice of pediatrics, giving 
fullest attention to déagnosis and treatment. The chapters on the newborn and its 
diseases, the feeding and growth of the baby, the care of the mother’s breasts, 
artificial feeding, milk modification and sterilization, diet for older children—from 
2 monograph of 125 pages. Then are discussed in detail every disease of child- 
hood, dedling just what measures should be instituted, what drugs given, 60 valu- 
able prescriptions being included. ‘The chapter on vaccine therapy is right down to 
the minute, including every new method of proved value—with the exact technic. 
There is an excellent chapter on Gymnastic Therapeutics. Another feature con- 
sists of the 165 illustrative cases—case teaching of the most practical sort. 


Dr. A. D. Blackader, 1/c¢Gill University, Montreal 


“Dr, Kerley is a pediatrician of large experience who thinks for himself and is never con- 
tent to accept, without testing, the experiences or statements of previous writers. His book has 
a very definite value.” 


Bandler’s The Expectant Mother 


Published August, 1916 


This is decidedly a book for the woman preparing for childbirth. It has 
chapters on menstruation, nourishment of mother during pregnancy, nausea, 
care of breasts, examination of urine, preparations for labor, care of mother and 
child after delivery, twilight sleep, and dozens of other matters of great interest 
to the expectant mother. 


12mo of 213 pages, illustrated. By S. Wytt1s BANDLER, M. D., Professor of Diseases of Women, New 
York Post-Graduate Medical School and Hospital. Cloth, $1.25 net. 


Winslow’s Prevention of Disease 
Published November, 1916 


This book is a practical guide for the layman, giving him briefly the means 
to avoid the various diseases described. The chapters on diet, exercise, tea, 
coffee, and alcohol are of special interest, as is that on the prevention of cancer. 
‘There are chapters on the prevention of malaria, colds, constipation, obesity, 
nervous disorders, tuberculosis, etc. The work is a record of twenty-five 


years’ active practice. 
t2mo of 348 pages, illustrated. By Kene~m Winstow, M. D., formerly Assistant Professor of Com- 
parative Therapeutics, Harvard University. Cloth, $1.75 net. 


Kerr’s Diagnostics of Children’s Diseases 
Dr. Kerr’s work is written absolutely for the general practitioner—to aid him 
in diagnosing disease in his child patients. He approaches his subject as the 
child is approached in the sick-room. It is strictly a clinical work—a first aid 


in the diagnosis of disease in children. Published February, 1907 
~ Octavo of 542 pass, illustrated. By Le Granp Kerr, M. D., Professor of Diseases of Children in the 
Brooklyn Postgraduate Medical School. Brooklyn. Cloth, $5.00 net; Half Morocco, $6.50 net. 
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Hill and Gerstley’s Infant Feeding Ready Soon 


CuinicaL Lecrures In Inrant FEeEepinc. By Lewis Wess Hit, 
M. D., Alumni Assistant in Pediatrics, Harvard Medical School, and 
JessE R. GerstLry, M. D., Clinical Assistant in Pediatrics, North- 
western University Medical School. _12mo of 300 pages, illustrated. 


In these clinics you are given the full details of the Boston method of infant 
feeding as developed by Dr. Rotch, and of the Chicago method. You are given the 
theory, use in both normal and abnormal cases, exact quantities and percentages, 
and concrete clinical examples. The book is equivalent to a postgraduate course 
in infant feeding. It brings these two systems right to your door. 


Abt’s Preparation of Infants’ Foods 


THE PREPARATION OF INFANTS’ Foops. By Isaac A. Ast, M.D., 
Professor of Diseases of Children, Northwestern University Medical 
School. 12mo of 143 pages. Cloth, $1.25 net. Published July, 1917 


This is a practical guide for infant feeding, giving to young mothers, nurses, and 
caretakers minute directions on the preparation of food for infants and young 
children. You get weights and measures; the mineral constituents and caloric 
values of foods. You get such practical material as diet-lists for constipation in 
older children, an outline of a plan for feeding babies, care of nipples and bottles, 
etc., and a great host of recipes for beverages of all kinds, milk preparations, soups 
and broths, puddings and cereal preparations, custards, eggs, vegetables, fruits, - 
meats, sea foods, and breads. 


Aikens’ Home Nurse’s Hand-Book a 
Home Nurse’s Hanp-Boox. By CHARLOTTE A. AIKENS. 12m0 of 
303 pages, illustrated. Cloth, $1.50 net. 


The point about this work is this: It tells you and shows you just how to do those 
little but important things often omitted from othernursing books. ‘Home Treat- 
ments” and ‘Points to be Remembered”—terse, crisp reminders—stand out as par- 
ticularly practical. Just the book for those who have the home-care of the sick. 


Galbraith’s Personal Hygiene for Women Nowe 
PERSONAL HYGIENE AND PuysIcAL TRAINING- FOR WoMEN. By 
Anna M. GarsraitH, M.D. 12mo of 393 pages, with original illus- 
trations. Cloth, $2.25 net. Published January, 1917 


“It contains just the sort of information which is very greatly needed by the weaker 
sex. Its illustrations are excellent.’"—Dietetic and Hygienic Gazette. 


Galbraith’s Four Epochs of Woman’s Life New in 


Tue Four Epocus or WomaAn’s Lire. By Anna M. GALBRAITH, 
M.D. With an Introductory Note by Joun H. Musser, M.D., Uni- 
versity of Pennsylvania. 12mo of 296 pages. Cloth, $1.50 net. 


“We do not as a rule care for medical books written for the instruction of the public; 
but we must admit that the advice in Dr. Galbraith’s work is, in the main, wise and whole- 
some.'’—Birmingham Medical Review. Published March, 1917 
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Griffith’s Care of the Baby 


The Care of the Baby. By J. P. Crozer Grirritu, M.D., Professor 
of Pediatrics in the University of Pennsyivania. 12mo of 455 pages, 
illustrated. Cloth, $1.50 net. 


SIXTH EDITION—published June, 1915 


The author has endeavored to furnish a reliable guide for mothers. He has 
made his statements plain and easily understood, so that the volume will be of 
service to mothers and nurses. 


New York Medical Journal 
“We are confident if this ltttle work could find its way into the hands of every trained 
nurse and of every mother, infant mortality would be lesseaed by at least fifty per cent.” 


Grulee’s Infant Feeding 


Infant Feeding. By Ciirrorp G. GruLer, M.D., Assistant Pro- 
fessor of Pediatrics at Rush Medical College. Octavo of 316 pages, illus- 
trated, including 8 in colors. Cloth, $3.00 net. 


SECOND EDITION—published April, 1914 


Dr. Grulee tells you Aow to feed the infant. He tells you—and shows by clear 
illustrations—the ¢echnic of giving the child the breast. Then artificial feeding is 
thoughtfully presented, including a number of simple formulas. ‘The colored illus- 
trations showing the actual shapes and appearances of stools are extremely 
valuable. 


Ruhrah’s Diseases of Children 


A Manual of Diseases of Children. By JoHN RuurAn, M. D., 
Professor of Diseases of Children, College of Physicians and Surgeons, 


Baltimore. 12mo of 552 pages, fully illustrated. Flexible leather, 
$2.75 net. 


FOURTH EDITION—published September, 1914 


In revising this work for the fourth edition Dr. Ruhrah has carefully in- 
corporated all the latest knowledge on the subject. All the important facts are 
given concisely and explicitly, the therapeutics of infancy and childhood being 
outlined very carefully and clearly. There are also directions for dosage and 
prescribing, and many useful prescriptions are included. 

American Journal of the Medical Sciences 


“Treatment has been satisfactorily covered, being quite in accord with the best teaching, 
yet withal broadly general and free from stock prescriptions.” 
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Keefer’s Military Hygiene 
Military Hygiene and Sanitation. By Lreur.-Cot. Frank R, 

Keerer, Professor of Military Hygiene, United States Military Academy, 


West Point. 12mo of 305 pages, illustrated. Cloth, $1.50 net. 
Published July, 1914 


This is a concise, though complete text-book on this subject, containing 
chapters on the care of troops, recruits and recruiting, personal hygiene, physical 
training, preventable diseases, clothing, equipment, water-supply, foods and their 
preparation, hygiene and sanitation of posts and barracks, the troopship, hygiene 
and sanitation of marches, camps, and battlefields, disposal of wastes, tropical and 
arctic service, venereal diseases, alcohol and other narcotics, and a glossary. 


a 9 t e@ 
Bergey’s Hygiene 
The Principles of Hygiene: A Practical Manual for Students, 
Physicians, and Health Officers. By D. H. Berrcey, A. M., M. D., 


Assistant Professor of Bacteriology in the University of Pennsylvania, 
Octavo volume of 531 pages, illustrated. Cloth, $3.00 net. 


FIFTH EDITION—published September, 1914 
This book is intended to meet the needs of students of medicine in the 
acquirement of a knowledge of those principles upon which modern hygienic 
practises are based, and to aid physicians and health officers in familiarizing 
themselves with the advances made in hygiene and sanitation in recent years. 
This fifth edition. has been very carefully revised, and much new matter 


added, so as to include the most recent advancements. 


Buffalo Medical Journal 


“Tt will be found of value to the practitioner of medicine and the practical sanitarian ; and 
students of architecture, who need to consider problems of heating, lighting, ventilation, water 
supply, and sewage disposal, may consult it with profit.” 


Pyle’s Personal Hygiene New (7th) Edition—August, 1917 


A MANUAL OF PERSONAL HyGIENE: Proper Living upon a Physiologic 
Basis. By Eminent Specialists. Edited by Watrer. L. Pyir, A. M., 
M. D., Assistant Surgeon to Wills Eye Hospital, Philadelphia. Octavo 
volume of 555 pages, fully illustrated. Cloth, $1.50 net. 


The book has been thoroughly revised for this new edition, and a new chapter on 
Food Adulteration by DR. HARVEY W. WILEY added. There are important chapters 
on Domestic Hygiene and Home Gymnastics, Hydrotherapy, Mechanotherapy, and 
First Aid Measures. 


“The work has been excellently done, there is no undue repetition, and the writers 
have succeeded unusually well in presenting facts of practical significance based on sound 
knowledge.’’—Boston Medical and Surgical Journal. 
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Bohm and Painter’s Massage 
Massage. By Max Boum, M.D., of Berlin, Germany. Edited, with an 
Introduction, by CHARLES F. PaInTER, M, D., Professor of Orthopedic Sur- 
gery at Tufts College Medical School, Boston. Octavo of 91 pages, with 97 
practical illustrations. _Published June, 1913 Cloth, $1.75 net. 


Golebiewski and Bailey’s Accident Diseases 
Atlas and Epitome of Diseases Caused by Accidents. By Dr. Ep. 
GOLEBIEWSKI, of Berlin. Edited, with additions, by PEARCE BAILEY, M. D., 
Consulting Neurologist to St. Luke’s Hospital, New York. With 71 colored 
illustrations on 40 plates, 143 text illustrations, and 549 pages of text. Cloth, 
' $4.00 net. Jz Saunders’ Hand-Atlas Series. Published 1901 


ee In Saunders’ 

Hofmann and Peterson’s Legal Medicine  Hand-Atlases 
Atlas of Legal Medicine. By Dr. E. von Hormann, of Vienna. 
Edited by FREDERICK PETERSON, M. D., Professor of Psychiatry in the 
College of Physicians and Surgeons, New York. With 120 colored figures 


and 193 half-tone illustrations. Cloth, $3.50 net. Published April, 1898 
Jakob and Fisher’s Nervous System tee 


Atlas and Epitome of the Nervous System and its Diseases. By 
PROFESSOR Dr. CHR. JAKOB, of Erlangen. Edited, with additions, by Ep- 
WARD D. FISHER, M. D., University and Bellevue Hospital Medical College. 
With 83 plates and copious text. Cloth, $3.50 net. Published 1901 


Spear’s Nervous Diseases Published November, 1916 


A Manual of Nervous Diseases. By IrvinG J. SPEAR, M.D,. Professor 
of Neurology at the University of Maryland, Baltimore. 12mo of 660 pages: 
illustrated. Cloth, $2.75 net. 


This is a comprehensive digest, supplying the means to a clear understanding of 
neurology, and robbing that subject of much of its difficulty. You are given, first, 
a brief description of the practical anatomy and physiology, with those facts and 
theories that bear on the mechanism of organic nervous diseases. Then pathology 
is given, the simpler diseases being considered first, gradually preparing the reader 
to grasp the more difficult ones. The descriptions are clear and brief, differential 
diagnoses and treatments being brought out very definitely. Only the most recent 
accepted facts have been considered. For the treatments recommended, no special 

apparatus is required beyond a galvanic and faradic battery; they demand no 
special training, and they are easily remembered. 


Io SAUNDERS’ BOOKS ON CHILDREN. 


American Pocket Dictionary New (9th) Edition 
AMERICAN PockEeT MeEpicaL Dictionary. Edited by W. A. NEw- 

MAN Dorianp, M. D., Editor ‘‘American Illustrated Medical Dic- 
tionary.’’ Containing the pronunciation and definition of the principal 
words used in medicine and kindred sciences, with 75 extensive tables. 
With 693 pages. Flexible leather, with gold edges, $1.25 net; with 
patent thumb index, $1.50 net. Published April, 1915 


“I can recommend it to our students without reserve.""—J. H. HOLLAND, M. D., Dean 
of the Jefferson Medical College, Philadelphia. 


Morrow’s Immediate Care of Injured Second Edition 


IMMEDIATE CARE OF THE INJURED. By ALBERT S. Morrow, M. D., 
Adjunct Professor of Surgery at the New York Polyclinic. Octavo of 360 
pages, with 242 illustrations. Cloth, $2.50 net. Published March, 1912 

Dr. Morrow's book on emergency procedures is written in a definite and decisive style, 
the reader being told just what to do in every emergency. It is a practical book for every 


day use, and the large number of excellent illustrations can not but make the treatment to 
be pursued in any case clear and intelligible. Physicians and nurses will find it indispensible. 


Powell’s Diseases of Children Third Edition, Revised 
ESSENTIALS OF THE DISEASES OF CHILDREN. By Wiutiam M. PowELt, 

M. D. Revised by ALFRED Hann, Jr., A. B., M. D., Dispensary 
Physician and Pathologist to the Children’s Hospital, Philadelphia. 
1zmo volume of 259 pages. Cloth, $1.25 net. Jn Saunders’ 
Question-Compend Series. Published March, 1901 


Shaw on Nervous Diseases and Insanity Fifth Edition 


EssENTIALS OF NERVOUS DisEAsES AND INSANITY: ‘Their Symptoms 
and Treatment. A Manual for Students and Practitioners. By the late 
Joun C. SHaw, M: D., Clinical Professor of Diseases of the Mind and 
Nervous System, Long Island College Hospital, New York. 12mo of 
204 pages, illustrated. Cloth, $1.25 net. Jn Saunders’ Question-Com- 
pend Series. Published October, 1913 

“Clearly and intelligently written; we have noted few inaccuracies and several sug: 
gestive points. Some affections unmentioned in many of the large text-books are noted.” 
—Boston Medical and Surgical Journal. 


Brady’s Personal Health Published September, 1916 


PERSONAL Heattu: A Doctor Book for Discriminating People. By 
WILLIAM Brapy, M.D., Elmira, N. Y. 12mo of 406 pages. Cloth, $1.50 net. 


Hecker, Trumpp, and Abt on Children 


ATLAS AND EPITOME OF DISEASES OF CHILDREN. By Dr. R. HECKER 
and Dr. J. Trumpp, of Munich. Edited, with additions, by Isaac A. 
Ast, M.D., Assistant Professor of Diseases of Children, Rush Medical 
College, Chicago. With 48 colored plates, 144 text-cuts, and 453 pages 
of text. Cloth, $5.00 net. Published April, 1907 

The many excellent lithographic plates represent cases seen in the authors’ clinics, and 
have been selected with great vare, keeping constantly in mind the practical needs of the 
general practitioner. These beautiful pictures are so true to nature that their study is 


equivalent to actual clinical observation. The editor, Dr. Isaac A. Abt, has added all new 
methods of treatment. 
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